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RELATED APPLICATION 

This application is a continuation- in-part 
application of co-pending Application Serial 
5 No. 09/236,397 filed on January 25, 1999. 

BACKGROUND OF THE INVENTION 

■I. FIELD OF THE INVENTION: 

10 The present invention relates to a liquid crystal 

display device for use in office automation (OA) equipment 
(e.g. , word processors and personal computers) , portable 
information equipment (e.g., electronic books)/ video 
cassette recorders (VCRs) incorporating a liquid crystal 

15 monitor, and the like* 

2. DESCRIPTION OF THE RELATED ART : 

Recently, liquid crystal display devices have 
been widely used in OA equipment (e.g. , word processors 
20 and personal computers), portable information equipment 
(e.g. , electronic books) , video cassette recorders (VCRs) 
incorporating a liquid crystal monitor and the like, 
utilizing the features of a thin display thickness and 
low power consumption. 
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Such liquid crystal display devices include a 
transmission- type liquid crystal display deviae using a 
thin, transparent, electrically conductive film such as 
5 ITO (Indium Tin Oxide) as pixel electrodes, and a 
reflection-type liquid crystal display device using 
reflective electrodes of, for example, a metal as pixel 
electrodes . 

10 Unlike CRTs (cathode ray tubes) and EL 

(electroluminescence), liquid crystal display devices 
are not self -light-emitting display devices- Therefore, 
in the case of the transmission- type liquid crystal 
display device, an illumination device such as a 

15 fluorescent tube, which is a so-called backlight, is 
placed behind the liquid crystal display device, whereby 
a display is provided using incident light of the 
backlight- On the other hand, in the case of the 
reflection-type liquid crystal display device, a display 

20 is provided by reflecting incident light from the outside 
by the reflective electrodes. 

Since the transmission-type liquid crystal 
display device uses the backlight to provide a display, 
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the transmission- type liquid crystal display device has 
an advantage of providing a bright, high-contrast display 
without being significantly affected by the brightness 
around the liquid crystal display device* However, the 
5 backlight consumes about 50% or more of the overall power 
consumption of the liquid crystal display device, whereby 
power consumption is disadvantageously increased. 

On the other hand, since the reflection-type 
liquid crystal display device does not use such a 
backlight, the reflection-type liquid crystal display 
device has an advantage of significantly reducing power 
consumption. However, brightness and contrast of the 
display are affected by environmental factors such as 
brightness around the liquid crystal display device 
and/or the conditions under which the liquid crystal 
display device is used. 

In the case of the reflection-type liquid crystal 
20 display device, visual recognition of the display is 
affected by environmental factors such as brightness 
around the liquid crystal display device, and is extremely 
deteriorated particularly when ambient light is dark. On 
the other hand, in the case of the transmission -type 
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liquid crystal display device, visual recognition of the 
display is reduced when ambient light is extremely bright 
such as in good weather. 

As means for solving such problems , liquid crystal 
display devices having functions of both reflection- and 
transmission -type liquid crystal display devices 
(hereinafter, referred to as 

n transmission/reflection- type liquid crystal display 
devices") are disclosed in copending U.S. Application 
Serial No. 09/122,756 filed on July 27, 1998; U.S. 
Application Serial No. 09/220, 792 filed on December 28, 
1998, which is a continuation-in-part application of U.S. 
Application Serial No. 09/122,756: and U.S. Application 
Serial No. 09/523,658 filed on March 10, 2000, which is 
a continuation-in-part application of U.S. Application 
Serial No. 09/122,756. These U.S. applications are 
incorporated herein by reference. 

In the transmission/reflection-type liquid 
crystal display devices proposed by the above-mentioned 
U.S. applications, each pixel region includes a 
reflective electrode region for reflecting ambient light 
and a transmissive electrode region for transmitting 
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light from a backlight, the transmissive electrode region 
being formed from a film having a relatively high 
light-ref lectanoe. As a result, the 

transmission/reflection-type liquid arystal display 
5 device (i) serves , in a pitch-dark environment, as a 
transmission-type liquid crystal display device which 
provides a display by using light from the backlight 
transmitted through the transmissive electrode regions, 
(ii) serves, In a dark environment, as a 

10 transmission/reflection- type liquid crystal display 
device which provides a display by using both light from 
the backlight transmitted through the transmissive 
electrode regions and ambient light reflected by the 
reflective electrode regions, and (iii) serves , in a 

15 bright environment, as a reflection-type liquid crystal 
display device which provides a display by using light 
reflected from the reflective electrode regions. 

Hereinafter, the terms "reflective electrode 
20 region", "transmissive electrode region", "reflective 
region" and "transmissive region" as used herein will be 
defined* 



A display device which provid s a display in a 
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reflection mode by using ambient light has reflective 
electrode regions for reflecting ambient light 
transmitted through a liquid crystal layer, the 
reflective electrode regions being provided on one of a 
5 pair of substrates. The reflective electrode region may 
be formed from a ref leative electrode, or may be formed 
from a combination of a transparent electrode and a 
reflective layer {reflective plate) . In other words , an 
electrode for applying a voltage to the liquid crystal 
10 layer may be formed from the transparent electrode, and 
the reflective layer for reflecting incident light does 
not have to function as an electrode. 

In the display device according to the present 
15 invention, a region for providing a display in a 
transmission mode is referred to as a transmlssive region, 
whereas a region for providing a display in a reflection 
mode is referred to as a reflective region. The 
transmlssive region includes a transmlssive electrode 
20 region and a liquid crystal region defined by the 
transmlssive electrode region, and the reflective region 
includes a reflective electrode region and a liquid 
crystal region defined by the reflective electrode region . 
Although a semi- transmission /ref lection- type liquid 
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crystal display device using a semi- 
t ransmis s ive / reflect ive film (i.e., a porous, reflective 
film) has reflective electrode regions and transmlssive 
electrode regions, light passing through respective 
5 liquid crystal regions defined by the reflective 
electrode regions and transmlssive electrode regions is 
mixed and overlaps each other. Therefore, a region for 
providing a display in a transmission mode (I.e., a 
transmlssive region) and a region for providing a display 

10 in a reflection mode (i.e. , a reflective region) cannot 
be defined independently. In other words, among the 
liquid crystal display devices each of which has a 
transmlssive electrode region and a reflective electrode 
region, a liquid crystal device in which a region for 

15 providing a display in a transmission mode and a region 
for providing a display in a reflection mode cannot be 
defined independently (that is, they substantially 
overlap each other) is referred to as a seml- 
transmisslon/ref lection type liquid crystal display 

20 device. 

The term "pixel region" as used herein will now 
be described. The liquid crystal display device of the 
present invention includ s a plurality of pixel regions 
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for providing a display, A single pixel region indicates 
a portion (component) of the liquid crystal display device, 
which constitutes a. pixel, i.e., a minimum unit of the 
display. Typically, in an active matrix- type liquid 
5 crystal display device having a counter electrode and a 
plurality of pixel electrodes which are switched by 
respective active devices (e.g, , thin film transistors 
(TFTs) ) formed in a matrix, each pixel region includes 
a respective pixel electrode, a counter electrode region 

10 facing the pixel electrode, and a liquid crystal region 
located therebetween. In a simple matrix-type (or 
passive matrix- type) liquid crystal display device having 
stripe- shaped electrodes (scanning electrodes and signal 
eleatrodes ) which are formed on respective substrates so 

15 as to intersect each other with a liquid crystal layer 
Interposed therebetween, a pixel region includes 
respective intersection regions of the corresponding 
scanning and signal electrodes and a liquid crystal region 
located at the Intersection, 

20 

In a color display device, color filter regions 
are formed in a display region, and light passing through 
the color filter regions is controlled, thereby providing 
color display by an additive color mixing method. For 
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example, in the case where the color filter regions 
correspond to the pixel regions, a single color picture 
element region is formed from three pixel regions: red 
pixel region (R-plxel region), green pixel region (G- 
5 pixel region) and blue pixel region (B-pixel region) - The 
color filter regions are regions which are provided in 
a color filter layer, and each of them indicates, for 
example, a red filter region (R- filter region), a green 
filter region (G-f liter region) or a blue filter region 

10 (B-f liter region)- A color filter region is a portion 
of a respective color layer (i.e. , red layer (R- layer) , 
green layer (G- layer) or blue layer (B-layer) ) . A layer 
including a plurality of color layers is herein referred 
to as a color filter layer. In the case where the 

15 plurality of color layers are arranged in stripes, the 
color filter layer includes a plurality of R-layers, 
G- layers and B- layers which are arranged in a cyclic 
manner (i.e., RGB RGB . . . ) . The color filter layer may 
Include a light -shielding layer (black mask) provided 

20 between the color layers or between the color filter 
regions. A region having no color layer is herein 
referred to as a transmissive non-color filter region. 
In the present invention, the color filter layer includes 
color filter regions and transmissive non-color filter 
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regions. 

It should be noted that the term m retardation* as 
used herein indicates retardation with respect to light 
5 which is incident perpendicularly to a liquid crystal 
layer or phase compensation element (e.g. , quarter-wave 
plate or half-wave plate) unless otherwise specif ied- 

The above-mentioned transmlssion/ref lection - 
10 type liquid crystal display device can always provide 
excellent visual recognition of display regardless of the 
brightness of ambient light. However, in the case where 
a conventional color filter is used for color display, 
optimum color display cannot be obtained both in a 
15 transmission mode and reflection model For example, the 
brightness of outside light is changed, visual 
recognition of the color display deteriorates. 

Figure 30 is a plan view showing the oase where 
20 a normal color filter layer 24 as conventionally used is 
provided in the above-mentioned 

transmission/reflection-type liquid crystal display 
device. As shown in Figure 30, the color filter layer 24 
includes color filter regions 24A, 24B and 24C. Each of 
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the color filter regions 24 A / 24B and 24C is a part of 
a respective stripe -shaped color layer (i.e., R-layer, 
G- layer or B- layer) , and is formed so as to entirely cover 
a respective pixel region having a reflective electrode 
5 region (R region) 3 and a transmissive eleatrode region 
(T region) 8. 

In the case where such a conventional color filter 
layer 24 is applied to the above-mentioned 

10 transmission/reflection-type liquid crystal display 
device as shown in. Figure 30, light from the backlight 
is transmitted through a color filter layer in a 
transmissive region only once, whereas ambient light is 
transmitted through a color filter layer in a reflective 

15 region twice due to the reflection. Therefore, in the 
case where the same color filter is used both in the 
transmissive region and reflective region, display in the 
reflective region becomes dark. For example, a 
transmittance of a color filter for use in a normal 

20 transmission-type liquid crystal display device is 
about 30% after human eye ' s color sensitivity collection , 
while being about 16% when this color filter is used in 
a reflection-type liquid crystal display device. 
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Japanese Laid-Open Publication No. 8-286178 
discloses a liquid crystal display device which realizes 
bright, high chroma t ioity- property color display, 
wherein a color filter has an island- shaped color portion 
5 in each pixel, and an opening (i.e. , a region having no 
color portion) is provided around each color portion. 
However, Japanese Laid-open Publication No. 8-286178 
merely discloses the structure of the color filter layer 
for use in a transmission- or reflection-type liquid 

10 crystal display device, and fails to disclose an optimal 
structure of a color filter layer for use. in a 
transmission/refection-type liquid crystal display 
device including, in eveiry pixel region, both a reflective 
electrode region for reflecting ambient light and a 

15 transmlssive electrode region for transmitting light from 
the backlight. In other words, Japanese Laid-Open 
Publication No, 8-286178 fails to disclose features and 
arrangement of color filter region (i.e. / color portion) 
and transmlssive non-color filter region (i.e.', opening) > 

20 When the technique of forming a color filter as disclosed 
in Japanese Laid-Open Publication No. 8-286178 is applied 
to such a transmission/reflection-type liquid crystal 
display device, only a light -colored, low 
chromatioity-property display ,can be obtained. 
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Therefore, it is very difficult to realize a color filter 
capable of providing a bright , high chromaticity-property 
color display both in the transmissive and reflective 
regions. Moreover, in the case where a substrate having 
5 a color filter layer and a substrate having electrodes 
used for display are laminated to each other so as to be 
shifted from each other , that is, in the case where the 
substrates are mis-aligned with respect to each other, 
the transmissive non- color filter regions protrude into 
10 the transmissive regions, thereby reducing chromaticlty 
property. 

SUMMARY OF THE INVENTION 

15 According to one aspect of the present invention, 

a color filter layer includes a first region and a second 
region, wherein the number of times that light used for, 
display ia transmitted through the aolor filter layer is 
different between the first region and the second region. 

20 

In one embodiment of the present invention, the 
first and second regions of the color filter layer are 
formed so that a difference in a chromaticlty property 
between the light used for display in the first region 
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and the light used for display In the second region is 
small. 

According to another aspect of the present 
5 invention , a display device includes: a first substrate 
having a display region, the display region including at 
least one reflective region in which light is reflected 
by a reflection means and at least one transmissive region 
through which light is transmitted; and a color filter 
10 layer including at least one first region and at least 
one second region, wherein the number of times that light 
used for display is transmitted through the color filter 
layer is different between the at least one first region 
and the at least one second region. 

15 

In one embodiment of the present Invention, the 
color filter layer Is formed so that a difference in a 
chromatlclty property between the light used for display 
In the at least one first region and the light used for 
20 display in the at least one second region is small* 

In another embodiment of the present invention, 
light used for display in the at least one first region 
is light which has been reflected by the reflection means 
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of the at least one reflective region; and light used for 
display in the at least one second region is light which 
has been transmitted through the at least one transmissive 
region. 

5 

In still another embodiment of the present 
invention, the at least one reflective region includes 
a liquid crystal layer and a reflective electrode region 
which performs as the reflection means and which provides 
10 a voltage to the liquid crystal layer of the at least one 
reflective region; and the at least one transmissive 
region includes a liquid crystal layer and a transmissive 
electrode region which provides a voltage to the liquid 
crystal layer of the at least one transmissive region. 

15 

In still another embodiment of the present 
invention, the display device further Includes a second 
substrate which faces the first substrate. 

20 In still another embodiment of the present 

invention, the at least one first region and the at least 
one second region each include a color filter region, the 
color filter region giving a color to light which passes 
through the color filter region. ^ 
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In still another embodiment of the present 
invention/ the at least one first region includes a 
transmissive non-color filter region. 

•5 

In still another embodiment of the present 
invention, in the at least one first region, the 
transmissive non-color filter region is provided over or 
under the color filter region in the color filter layer. 

rlO 

In still another embodiment of the present 
invention, the color filter layer is provided on the first 
substrate. 

15 In still another embodiment of the present 

invention/ the transmissive non-color filter region is 
positioned between the first substrate and the color 
filter layer. 

20 In still another embodiment of the present 

invention, the display device further includes a second 
substrate on which the color filter layer is provided. 

In still another embodiment of the present 
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invention, in the at least one first region, the 
transmissive non-color filter region is positioned 
between the second substrate and the aolor filter region. 

5 In still another embodiment of the present 

invention, a thickness of the color filter region in at 
least, a portion of the at least one first region is 
different from a thickness of the color filter region in 
the at least one second region which produces a same color 
10 type as that produced in the at least one first region. 

In still another embodiment of the present 
invention, a material used for the color filter region 
in the at least one first region is the same as that used 
15 for the color filter region in the at least one second 
region which produces a same color type as that produced 
in the at least one first region. 

In still another embodiment of the present 
20 invention, a thickness of the color filter region in at 
least a portion of the at least one first region is 
different from that of the color filter region in the at 
least one second region which produces a same color type 
as that produced in the at least one first region. 
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In still another embodiment of the present 
invention, a material used for the color filter region 
in the at least one first region is the same as that used 
5 for the color filter region in the at least one second 
region which produces a same color type as that produced 
in the at least one first region. 

In still another embodiment of the present 
10 invention, the color filter layer includes a plurality 
of first regions; and eaah of the plurality of first 
regions has the same ratio of an area ratio of the color 
filter region to the transmissive non-color filter 
region. 

15. 

In still another embodiment of the present 
invention, a t ransmis s ivl ty at least a portion of the at 
least one first region for a wavelength in a certain 
wavelength range is less than a t ransmis a ivl ty for a 
20 wavelength in the certain wavelength range of the at least 
one second region which produces a same color type as that 
produced in the at least one first region. 

In still another embodiment of the present 
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invention, a material used for the color filter region 
in the at least one first region is different from that 
used for the color filter region in the at least one second 
region which produces a same color type as that produced 
5 in the first region. 

According to one aspect of the present invention, 
a liquid crystal display device includes: a first 
substrate; a second substrate; a liquid crystal layer 

10 interposed between the first and second substrates; a 
plurality of pixel regions for providing a display; and 
a reflective region for providing a display by using 
reflected light, the reflective region being provided in 
each of the plurality of pixel regions, wherein the first 

15 substrate Includes a reflective electrode region in the 
reflective region, the second substrate includes a color 
filter layer, the color filter layer having a color filter 
region and a non-color filter region in the reflective 
electrode region, and the color filter region and the 

20 non -color filter region are located such that an 
overlapping area of the reflective electrode region and 
the non-color filter region is not changed even when the 
first and second substrates are mis -aligned with respect 
to each other. 
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In one example, the color filter layer includes 
a light -shielding region between the color filter region 
and the non-color filter region. 

5 

According to another aspect of the present 

invention, a liquid crystal display device includes: a 

first substrate; a second substrate; a liquid crystal 

layer interposed between the first and second substrates; 

10 a plurality of pixel regions for providing a display; and 

a reflective region for providing a display by using 

reflected light and a transmissive region for providing 

a display by using transmitted light, the reflective 

t - 
region and the transmissive region being provided in each 

15 of the plurality of pixel regions, wherein the first 
substrate Includes a reflective electrode region in the 
reflective region and a transmissive electrode region in 
the transmissive region, the second substrate includes 
a color filter layer, the color filter layer having a color 

20 filter region and a non-color filter region in the 
reflective electrode, and the color filter region and the 
non-color filter region are located such that an 
overlapping area of the reflective electrode region and 
the non-color filter region is not changed even when the 



10-21-20C0 0:26 . «f)« 



P. 208/234 



98R00519-1 

• 21 - . 

first and second substrates are mis -aligned with respect 
to each other. 

In one example, the transmlssive region includes 
5 the color filter region located on the second substrate/ 

In one example, the color filter layer includes 
a light- shielding region between the color filter region 
and the non-color filter region. 

10 

In one example, each of the plurality of pixel 
electrodes has the same ratio of an area of the color filter 
region to an area of the non-color filter layer in the 
reflective region. 
15 *' /. : 

In one example, a ratio of the area of the 
non-color filter region to an area of the reflective 
region is in a range of about 0,05 to about 0.2 . 

20 In one example, the color filter layer Includes 

one of a blue filter region, a red filter region and a 
green filter region in each of the plurality of pixel 
regions, wherein in a pixel region having the blue filter 
region, a ratio of an area of the non-color filter region 
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to an area of the reflective region is in a range of 
about 0.05 to about 0.2; in a pixel region having the red 
filter region, a ratio of an area of the non - oo lor filter 
region to an area of the reflective region is in a range 
of about 0.05 to about 0.38; and in a pixel region having 
the green filter region, a ratio of an area of the non-color 
filter region to an area of the reflective region is in 
a range of about 0.05 to about 0.5. 1 

10 In one example, the liquid crystal layer Includes 

a liquid crystal material exhibiting negative dielectric 
anl sot ropy, and a quarter-wave plate and a polarizing 
plate are provided on each of the first and second 
substrates with the first and second substrates 

15 interposed therebetween. 

In one example, the reflective electrode region 
has a light-diffusing structure having an uneven surface. 

20 In one example, a planarizing layer having a light 

transmitting property is formed in the non-color filter 
region. 

In one example, the first substrate further 
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Includes a switching device provided in each of the 
plurality of pixel regions, the reflective electrode 
region includes an insulation layer and a reflective 
electrode formed on the insulation layer, the ref leative 
5 electrode and the switching device being electrically 
connected to each other through a contact hole formed in 
the insulation layer, and the second substrate has the 
color filter region at a portion facing the contact hole. 

10 Hereinafter, functions of the present invention 

will be described briefly* 

A liquid crystal display device of the present 
invention includes a pair of substrates which are 

15 laminated to each other with a liquid crystal layer 
interposed therebetween, and also includes reflective 
regions for providing a display by using. ref lected light, 
wherein reflective electrode regions are formed on one 
of the substrates, and a color filter layer including 

20 color filter regions is formed on the other substrate* 
A color filter region(s) and a non-color filter region(s) 
are formed on the respective reflective region of the 
color filter substrate. This color filter layer is formed 
such that the area of the non-color filter region(s) in 



0-21— 20C0 0:25 



P. 205/234 



98R00519-1 

- 24 > 

each reflective region is riot changed even when the pair 
of substrates (i.e. , the reflective electrode regions and 
the color filter regions) are not accurately laminated 
to each other (i.e., the pair of substrates are mis- 
5 aligned with respect to each other). Therefore, 
variation in optical characteristics of the liquid 
crystal deviae (e.g., brightness and chromatlclty 
! property) can be minimized even when a finished pattern 
of the edge portion of the color filter region is varied 
10 upon producing the color filter layer, as well as even 
when the substrates are mis-aligned upon producing the 
liquid crystal panel. 

Moreover, a black mask (light-shielding region ) 
15 having a line width larger than the variation in a finished 
pattern of the edge portion of the color filter region 
is f ormed at least on the boundary between the color filter 
region and non-color filter region. As a result, 
variation in display characteristics such as chromaticity 
20 property and contrast can be minimized even when the 
finished pattern of the edge portion of y the color filter 
region is varied. 



According to the present invention, a non-color 
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filter region is provided in the respective reflective 
regions of the other substrate in a 
transmission/reflection- type liquid crystal display 
device, whereby white display can be provided as well as 
5 brightness of the display can be improved without 
v increasing the number of steps in the production process 
as compared to the case where the color filter layer for 
use in the transmission-type liquid crystal display 
device is used. This is because a thickness of the color 

10 layers of the color filter layer need not be adjusted 
separately in the transmisslve electrode region and 
reflective electrode region. In the conventional 
examples, brightness and ohromatioity property have been 
optimized for each of the color layers. Therefore, it 

15 has been diff icult to select a type of pigment and to adjust 
a concentration of the pigment dispersed in a resin. 
However, according to the present invention, brightness 
and chromaticity property can be optimized only by the 
design of a mask pattern, whereby the production process 

20 is simplified as well as the restrictions in designing 
a liquid crystal display device, can be reduced. 

According to the present invention, light 
transmitted through the color filter r gions having high 
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chromaticity property is mixed with light transmitted 
through the non-color filter regions, whereby bright 
color display required for the reflection display can be 
realized. 
5 '/ V" ; : .. 

Moreover, the color filter region(s) having high 
chromatlcity property is /are provided in each 
transmissiva region, whereby a display having high 
ahromaticity property can be provided as in the case of 
10 the conventional transmission -type liquid crystal 
display devices. 

In each pixel region, the ratio of the area of the 
color filter region (s ) to the area of the non-color filter 

15 region { s ) in the reflective region is the same . Therefore, 
different masks need not be used for producing different 
color layers (i.e. , R, G and B layers) of the color filter 
layer by using an exposure process . In other words, each 
of the R, G and B layers can be produced by merely shifting 

20 a single mask to a respective prescribed position and 
conducting the exposure process. As a result, the 
production process of the color filter layer can be 
simplified. 
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By setting the ratio of the area of the non-color 
filter region(s) to the area of the reflective region in 
the range of 0.05 to 0,2, color display having excellent 
brightness and chromaticity property can be realized. 
5 When the area of each non-aolor flier region 19 uniformly 
increased in order to Increase the brightness, the 
.brightness is improved, whereas the chromaticity property 
is reduced,, and finally, display cannot be distinguished 
from white display. In other words, when the ratio of 

10 the area of the non-color filter region(s) to the area 
of the reflective region is set to less than about 0-05, 
sufficient brightness cannot be obtained In reflection 
display, resulting in a defective display. On the other 
hand, when the ratio of the area of the non-color filter 

15 region(s) to the area of the reflective region is set to 
more than about 0.2, the chromaticity property is reduced, 
resulting in a light-colored display which cannot be 
distinguished from white display (see, for example, 
Figures 25 and 26 ) . 

20 

Moreover, the color filter layer includes one of 
R, G and B filter regions in each pixel region. The ratio 
of the area of the non-color filter region(s) to the area 
of the reflective region in a pixel region having a B filter 
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region is set in the range of about 0.05 to about 0.2. 
The ratio of the area of the non-color filter region(s) 
to the area of the reflective region in a pixel region 
having a R filter region is set in the range of about 0.05 
5 to about 0.38. The ratio of the area of the non-color 
filter region ( s ) to the area of the reflective region in 
a pixel region having a 6 filter region is set in the range 
of about 0.05 to about 0.5. Thus, brightness and 
chromatic it y property of each color can be retained, 
10 whereby a well-balanced color filter can be realized. 
Such setting of the ratios is done because respective 
optimal values of the brightness and chromaticity 
property are different for each color. 

15 When the liquid crystal display device is in a 

normally blaok mode (e.g., the liquid crystal molecules 
are arranged in a crossed-Nicols arrangement in a vertical 
alignment mode), black display can be provided while a 

voltage is not applied. Therefore, leakage of light can 

) 

20 be eliminated when the transmission/reflection- type 
liquid crystal display device of the present invention 
is used either as a reflection-type liquid crystal display 
device or as a transmission- type liquid crystal display 
device. As a result, reduction in contrast can be 



- 29 



98R00519-1 



prevented. 

Moreover, a liquid crystal material having 
negative dielectric anisotropy ia used for the liquid 
crystal layer, and a quarter-wave plate and a polarizing 
plate are provided on each of the respective outer 
surf aaes of the pair of substrates which face each other. 
Accordingly, a high-aontrast display can be realized 
without changing the thickness of the liquid crystal layer 
in the transmissive region and reflective region - 

Moreover, each reflective electrode region has an 
uneven surface so as to have a light -diffusing property. 
Therefore/ a light-diffusing function can be obtained 
only by the reflective electrode regions, whereby a 
"mirror effect* in the reflective electrode regions can 

be prevented, as well as a paper-white display can be 

■ v.' 

realized. The "mirror effect" herein means, for example, 
a phenomenon that a viewer ' s face is reflected in a mirror. 

Moreover, a planarizing film having a light - 
transmitting property is formed at least on each of the 
non-color filter regions, whereby the surface of the color 
filter substrate which faces the liquid crystal layer 
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(i.e. , the surface of the color filter substrate on which 
a counter electrode is formed) can be substantially 
planar lized. Accordingly, in each reflective region , a 
thickness of the portion of the liquid crystal layer which 
5 corresponds to the color filter region la made equal to 
a thickness of the portion of the liquid crystal layer 
which corresponds to the non-color filter region (i.e. , 
a aell gap difference is eliminated). As a result/ 
retardation in both portions of the liquid crystal layer 

10 is made equal to each other, whereby a uniform display 
can be realized from a dark state to a bright state. It 
should be noted that/ when the planarlzing film is formed 
from a colorless material, only the thickness of the 
liquid crystal layer can be adjusted by the planarizing 

15 film. Theref ore, light is not absorbed in the color filer 
substrate, thereby preventing reduction in light 
utilization efficiency. Furthermore, designed color- 
reproduction of the color filter layer is not affected. 

20 Moreover, the color filter layer is also formed 

on the region of the aolor filter substrate which 
corresponds to a contact hole for connecting a pixel 
electrode to a switching device, whereby the leakage of 
light within the reflectiv region, which r suits from 
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the mismatch of the electro-optical characteristics due 
to the difference in retardation, is reduced; 
Accordingly, a defective display which occurs in the 
vicinity of the contact hole can be eliminated, whereby 
5 a uniform display can be obtained in a dark state, gray 
state and bright state. Also, a higher contrast can be 
achieved. 

Thus, the invention described herein makes 
10 possible the advantage of providing a display device which 
ia capable of providing a high-quality color display 
regardless of the condition of ambient light. 

These and other advantages of the present 
15 invention will become apparent to those skilled in the 
art upon reading and understanding the following detailed 
description with reference to the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 

Figure 1A is an enlarged plan view showing a pixel 
electrode portion of a reflection-type liquid crystal 
display device aocording to Comparative Example 1 of the 
present Invention, and Figure IB is an enlarg d cross 
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sectional view taken along line IB-IB' of Figure 1A. 

Figure 2A is an enlarged plan view showing a pixel 
electrode portion of a conventional reflection-type 
5 liquid crystal display device, and Figure 2B is an 
enlarged cross sectional view taken along line 2B-2B' of 
Figure 2A. 

Figure 3 ia an enlarged plan view showing a pixel 
10 electrode portion of a transmission/reflection-type 
liquid crystal display device of Comparative Example 1. 

Figures 4A and 4B are enlarged plan views each 
showing a pixel electrode portion of the reflection- type 
15 liquid crystal display device of Comparative Example 1. 

Figures 5A to 5D are enlarged plan views each 
showing a pixel electrode portion of the liquid crystal 
display device according to Example 1 of the present 
20 invention. 

Figures 6A and 6B are enlarged plan views each 
showing a pixel electrode portion of a 
transmission/reflection- type liquid crystal display 
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device according to Comparative Example 2 of the present 
invention. 

Figures 7A and 7B are enlarged plan views each 
5 showing a pixel electrode portion of a liquid crystal 
display device according to Example 2 of the present 
invention. 

Figures 8A and 8B are enlarged plan views each 
showing a pixel electrode portion of a liquid crystal 
display device according to Example 3 of the present 
invention. 

Figures 9A and 9B are enlarged plan views each 
showing a pixel eleatrode portion of a liquid crystal 
display device according to Example 4 of the present 
invention. 

Figures 10A and 10B are enlarged plan views each 
20 showing a pixel electrode portion of a liquid crystal 
display device according to Example 5 of the present 
invention, and Figure IOC is a plan view showing the entire 
pattern of a color filter of the liquid crystal display 
device of Example 5. 
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Figures 11A and 11B are enlarged plan views each 
showing a pixel electrode portion of a liquid crystal 
display device accordingf to Example 6 of the present 
5 invention. 

Figures 12A and 12B are enlarged plan views each 
showing a pixel electrode portion of a liquid crystal 
\ display device according to Example 7 of the present 
10 ; invention. 

Figures 13A and 13B are enlarged plan views each 
showing a pixel electrode portion of a liquid crystal 
display device according to Example 6 of the present 
15 invention. 

Figures 14A and 14B are enlarged plan views each 
showing a pixel eleotrode portion of a liquid crystal 
display device according to Example 9 of the present 
20 invention. 

Figures ISA and 15B are enlarged plan views each 
showing a pixel electrode portion of a liquid crystal 
display device according to Example 10 of the present 
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Invention. 

Figures 16 A and 16B are enlarged plan views each 
showing a pixel electrode portion of a liquid crystal 
5 display device according to Example 11 of the present 
Invention, and Figure 16C is a plan view showing the entire^ 
pattern of a color filter of the liquid crystal display 
device of Example 11. 

10 Figures 17A and 17B are enlarged plan views each 

showing a pixel electrode portion of a liquid crystal 
display device according to Example 12 of the present 
invention. 

15 Figures 18A to 18D are enlarged plan views each 

showing a pixel electrode portion of a liquid crystal 
display device according to Example 13 of the present 
invention . 

20 Figures 19A to 19C are enlarged plan views each 

showing a pixel eleotrode portion of a liquid crystal 
display device according to Example 14 of the present 
invention, and Figure 19D is a plan view showing the entire 
pattern of a color filter of the liquid crystal display 
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device of Example 14. 

Figure 20 is a plan view showing a 
transmission/reflection-type liquid crystal display 
device according to Example 15 of the present Invention. 

Figure 21 is a cross sectional view taken along 
line 21-21' of Figure ,20. 

Figure 22 is a plan view showing a 
transmission/reflection- type liquid crystal display 
device according to Example 16 of the present invention. 

Figure 23 is a cross sectional view taken along 
line 23-23' of Figure 22. 

Figure 24 is a plot (chromaticity diagram) of 
values x and y of respective color filter layers of a 
transmission/reflection- type liquid crystal display 
device, a transmission- type liquid crystal display device 
and a reflection -type liquid crystal display device. 

Figure 25 is a graph showing the relation between 
a ratio Sr of the area of a non-color filter region to 
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the area of a reflective region and brightness of the 
reflective region. 

Figure 26 is a graph showing the relation between 
5 the ratio Sr and chromaticity coordinates. 

Figure 27A is a cross sectional view showing the 
transmission/reflection-type liquid crystal display 
device of Example 15, and Figures 27B and 27C are cross 
10 sectional views each showing a 

transmission/reflection- type liquid crystal display 
device according to Example 19 of the present Invention. 

Figures 28A and 2 SB are graphs each showing; 

15 electro-optical characteristics of the 

transmission/reflection-type liquid crystal display 
shown In Figure 27 A. 

Figure 29A is a cross sectional view showing the 
20 transmission/ref lection-type liquid crystal display 
device of Example 15, and Figures 29B and 29C are cross 
sectional views each showing a 

transmission/reflection- type liquid crystal display 
device according to Example 20 of the present invention. 



- 38 



98R00519-1 



Figure 30 Is a plan view showing the arrangement 
of a color filter in a transmission/reflection-type 
liquid crystal display device. 

5 

Figure 31A is a cross - sectional view of a 
transmission/reflection-type liquid crystal display 
device according to embodiment 3 of the present 
invention. 

10 

Figure 31B is a schematic cross-sectional view of 
a transmission/reflection-type liquid crystal display 
device for illustrating a representative color filter 
layer according to embodiment 3 . 

15 . .. . ■ , 

Figure 31C is a. plan view of the 
transmission/reflection- type liquid crystal display 
device according to embodiment 3 . 

20 Figures 32A through 32D show steps of forming a 

color filter substrate according to example 21 of the 
present invention by using a pigment -dispersion method. 

Figures 33A through 33E show steps of forming a 
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color filter substrate according to example 22 of the 
present invention by using a dyeing technique. 

Figures 34A through 3 4E show steps of forming a 
5 color filter substrate according to example 23 of the 
present invention by polishing a color filter layer. 

Figures 35A through 35H show steps of forming a 
color filter substrate according to example 24 of the 
10 present invention by partially thinning the thickness of 
a color filter layer. 

Figures 36A through 361 show steps of forming a 
color filter substrate according to example 24 by using 
15 a dyeing technique and by partially thinning the thickness 
of a color filter layer . 

Figures 37A through 37C show steps of forming a 
color filter substrate which includes color filter 
20 regions having different pigment concentrations 
according to example 25 of the present invention. 

Figures 38A through 38B show steps of forming 
another color filter substrata according to example 25 
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in which the thickness of the color filter layer is 



different in 



transmissive regions and reflective regions , 



Figure 39 is a cross sectional view showing 
another transmission/reflection- type liquid crystal 
display device according to, embodiment 3 . 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[Embodiment 1] 
(Example 1) 

Hereinafter, features of Example .1 and 
comparative examples of the present invention will be 
described with reference to the accompanying drawings. 

(Comparative Example 1) 

For. facilitating understanding of examples of the 
present Invention, a liquid crystal display device 
according to Comparative Example 1 of the present 
invention will be described with reference to the drawings . 
Figure 1A is an ^enlarged plan view showing a pixel 
electrode portion of a reflection-type liquid crystal 
display device of Comparative Example 1; and Figure IB 
is an enlarged cross sectional view taken along 
line IB-IB' of Figure 1A. 
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Figure 2A is an enlarged plan view showing a pixel 
electrode portion ^of a conventional reflection-type 
liquid crystal display device, and Figure 2B is an 
5 enlarged cross sectional view taken along line 2B-2B' of 
Figure 2A. 

It should be noted that the structure other than 
a color filter layer 11 including color filter regions 11A, 
10 3L1B and lie and reflective electrodes 3 serving as pixel 
electrodes is omitted in Figures 1A, IB, 2A and 2B. The 
reflective electrodes 3 may have a shape other than the 
rectangular shape as shown in the Figures, 

15 First, the conventional reflection- type liquid 

crystal display device will be described with reference 
to Figures 2A and 2B. As shown in Figures 2A and 2B, the 
reflective electrodes 3 having a prescribed shape are 
formed on a lower substrate 1, whereas the color filter 

20 layer 11 Including the color filter regions 11A, 11B 
and 11C, and a transparent electrode 4 are formed on a 
color filter substrate 2 which faces the lower substrate 1 . 
A liquid crystal layer 5 is interposed between the 
reflective electrodes 3 and the transparent electrode 4 
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which are respectively formed on the lower substrate 1 
and the color filter substrate 2. 

In order to display various colors, in a liquid 
5 crystal display device, a color filter including three 
color layers, red (R) , green (G) and blue (B) layers, are 
generally provided on a single substrate such that the 
respective color layers are arranged in a prescribed 
manner, and quantities of light transmitted through the 

10 respective color layers are controlled by controlling a 
voltage applied to the liquid crystal layer 5. Thus, 
light components transmitted through the respective color 
layer are mixed together, thereby providing color display. 
Such a method is referred to as an additive color mixing 

15 method. 

In the case of a color filter which is generally 
Used in a transmission- type liquid crystal display device , 
white (W) display is obtained by equally mixing R, G and B 
20 light components, thereby achieving a transmlttance of 
about 32%. However, It has been found that, in the case 
where such a aolor filter for use in the transmission-type 
liquid crystal display device is used in a reflectlon- 
or transmission/reflection-type liquid crystal display 
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device, light passes through 'the color filter in the 
reflective regions twice/ Accordingly/ a brightness of 
only about 11% can be obtained in the white display of 
the reflective regions . 

Comparative Example 1 of the present invention 
will now be described with reference to Figures 1A and IB. 
As shown in Figures 1A and IB, reflective electrodes 3 
having a prescribed shape are formed on a lower 
substrate X, whereas a color filter layer 11 including 
color filter regions 11A, 11B and 11C, and a transparent 
electrode 4 are formed on a color filter substrate 2 which 
faces the lower substrate 1. A liquid crystal layer 5 
is Interposed between the reflective electrodes 3 and the 
transparent electrode 4 which are respectively formed on 
the lower substrate 1 and the color filter substrate 2. 

In Comparative Example 1, the above-mentioned 
method for changing a material or thickness of the 
conventional color filter is not used. Instead, as shown 
in Figure 1A, Comparative Example 1 is characterized in 
that the color filter regions 11A, 11B and 11C of the high 
chromatlcity-property color filter layer 11 for use in 
the transmission-type liquid crystal display device are 



0-Z1-20C0 



0:21 



ai.ii 



P. 135/234 



98R00519-1 

- 44 - 

formed as well as non-color filter regions B are provided 
on the regions of the color filter substrate 2 which 
correspond to the reflective electrodes 3. Therefore , 
white display is provided by the non- color filter 
5 regions B, and is mixed with color display provided by 
the high chroma ticity-property color filter 11, whereby 
a bright display, which is required in the reflective 
regions of the reflection- or 

transmission/reflection-type liquid crystal display 
10 device, can be realized. 

The reflection-type liquid crystal display device 
In which all of the pixel electrodes 3 are reflective 
electrode regions are described as Comparative Example 1. 
15 However, the same is applied to a 
transmission/reflection- type liquid crystal display 
device in which each pixel electrode has a transparent 
electrode region 8 and a reflective electrode region 3 
. as shown in, for example, Figure 3. 

20 

A liquid crystal display device according to 
Example 1 of the present invention will now be described 
with reference to the drawings. Figures 5A to 5D are 
enlarged plan views each showing a pixel electrode portion 
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of the liquid crystal display device of Example 1. 

In the liquid crystal display device of Example 1 , 
reflective electrodes (pixel electrodes) having a 
prescribed shape are formed on a lower substrate , whereas 
a color filter layer and a transparent electrode (counter 
electrode) are formed on a color filter substrate which 
faces the lower substrate, although not shown in the 
Figures. A liquid crystal layer is interposed between 
the reflective electrodes formed on the lower substrate 
and the transparent electrode formed on the color filter 
substrate. 

As shown in Figure 5A, in Example 1, a color filter 
15 region 11 of a high chromatlcity -property color filter 
layer for use in the transmission-type liquid crystal 
display device is formed as well as non-color filter 
regions CI and C2 are provided in each of the regions of 
the color filter substrate 2 which corresponds to the 
20 respective reflective electrode regions . White display 
is provided by the non-color filter regions CI and C2, 
and is mixed with color display provided by the high 
chromatlcity- property aolor filter regions 11, whereby 
a bright display, which is required in the r flective 
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regions o£ the reflection- or 

transmiasion/ref lection-type liquid crystal display 
device , oan be realized. 

5 Figure 5A shows the color filter region 11 on the 

color filter substrate and the reflective electrode 3 on 
the lower substrate in the case where the lower substrate 
and the color filter substrate of the reflection-type 
liquid crystal display device are laminated to each other 
10 with the designed alignment accuracy. 

Figure 5B shows the oolor filter region 11 on the 
color filter substrate and the reflective electrode 3 on 
the lower substrate in the case where the lower substrate 
15 and the color filter substrate of the reflection-type 
liquid crystal display device are laminated to each other 
with the color filter substrate being shifted with respect 
to the lower substrate in the direction shown by the arrow. 

20 in the production process of the liquid crystal 

display device of Example 1, even when the lower substrate 
and the color filter substrate are mis-aligned with 
respect to each other (as shown Figure 5B) # the total 
area S(C') of the resultant non-color filter regions CI' 
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and C2' of Figure 5B is equal to the total area S(C) of 
the non-color filter regions CI and C2 of Figure 5A, as 
follows: 

5 S(C ) m CI' + C2' 

S(C) = CI + C2 
S(C ) = S(C). 

Therefore, chromaticity and brightness of the liquid 
10 crystal display device are not changed. 

According to Example 1, the non-color filter 
regions are provided, and the color filter layer is 
patterned such that the total area of the non-color filter 
15 regions in each pixel region is not changed even when the 
lower substrate and the color filter substrate are 
mis -aligned with respect to each other. Therefore, a 
liquid crystal display device in whiah chromaticity and 
brightness are not changed can be realized. 



20 



However, as shown in Figure 5C, in the case where 
the lower substrate and the color filter substrate are 
excessively mis -aligned with respect to each other so that 
the non-color filter region C2 as shown in Figure 5A is 
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eliminated, the area S(.C" ') of the resultant non^color 
filter region CI" becomes smaller than the total area (C) 
of the non-color filter regions CI and C2, as follows: 

5 S(C) = CI* 

S(C) > S(C) ( 

Accordingly, chromatid ty and brightness of the liquid 
crystal display device are changed. 

In Example 1, it is therefore desirable to 
determine a pattern of the color filter layer so as to 
prevent occurrence of the state shown in Figure 5C, in 
view of the alignment accuracy of the substrates in the 
production process of the liquid crystal display device. 

It should be noted that similar effects can also 
be obtained upon using the transmission/reflection-type 
liquid crystal display device in which each pixel 
20 electrode has a transmissive electrode region 8 and a 
reflective electrode region 3 as shown in Figure 5D. 

In the case of the transmission/reflection-type 
liquid crystal display device , however , when the lower 
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substrate and the color filter substrate are mis-aligned 
such that a non-color filter region CI or C2 on the color 
filter substrate overlaps a transparent electrode 
region 8 of a pixel electrode, chromaticity and 
brightness of the display in the transparent electrode 
region 8 are changed. Therefore, in the case of the 
transmission/reflection- type liquid crystal display 
device as well, it is desirable to determine a pattern 
of the color filter layer so as to prevent the non-color 
filter region from overlapping the transparent electrode 
region 8 of the pixel electrode, in view of the alignment 
accuracy of the substrates in the production process of 
the liquid crystal display deviae. 

Hereinafter, the liquid crystal display device 
having a color filter pattern as shown in Comparative 
Example 1 will be described briefly in terms of the case 
where the lower substrate 1 and the color filter 
substrate 2 are mis -aligned with respect to each other 
(see Figures 1A and IB) . 

Figure 4A shows the color filter region 11 and the 
reflective electrode region 3 of the reflection-type 
liquid crystal display device in the case where the lower 
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substrate 1 and the color filter substrate 2 are laminated 
to each other with the designed alignment accuracy. 
Figure 4B shows the color filter region 11 and the 
reflective electrode region 3 of the ref leation-type 
liquid crystal display device in the case where the lower 
substrate 1 and the color filter substrate 2 are laminated 
to each other with the color filter substrate 2 being 
shifted with respect to the lower substrate 1 in the 
direction shown by the arrow* 

In the production process of the liquid crystal 
display device of Comparative Example 1, when the lower 
substrate 1 and the color filter substrate 2 are mis- 
aligned with respect to each other as shown in Figure 4B, 
the area S(B' ) of the resultant non-color filter region B' 
is smaller than the area S(B) of the non-color filter 
region B in the case where the lower substrate 1 and the 
color filter, substrate 2 are laminated to each other with 
the designed alignment accuracy > that is, S(B') < S(B)V 
Therefore, chromaticity and brightness of the liquid 
crystal display device of Comparative Example 1 are 
changed when the substrates are mis-aligned with respect 
to each other- 



0— 21-20C0 



0 : 2C 



iiffli! 



P. 178/234 



98R00519-1 

- 51 - 

(Comparative Example 2) 

Hereinafter, a liquid crystal display device 
according to Comparative Example 2 of the present 
invention will be described with reference to the drawings . 
5 Figure 6A is an enlarged plan view showing a pixel 
electrode portion of a transmission/reflection- type 
liquid crystal display device of Comparative Example 2. 

As shown in Figure 6A, Comparative Example 2 is 
10 characterized in that a color filter region 11 of a high 
chromatlolty-property color filter layer for use in the 
transmission-type liquid crystal display device is formed 
as well as non-color filter regions Dl and D2 are provided 
in each of the regions of the color filter substrate 2 
15 which correspond to the respective pixel electrode 
regions 3. White display is provided by the non-color 
filter regions Dl and D2, and is mixed with color display 
provided by the high chromaticity-property color filter 
regions 11, whereby a bright display whiah is required 
20 in the 4 reflective regions of the 

transmlssion/ref lection-type liquid crystal display 
device can be realized. 



Figure 6A shows the color filter region 11 on the 
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color filter substrate and the reflective electrode 
region 3 and the transmlasive electrode region 8 on the 
lower substrate In the case where the lower substrate and 
the color filter substrate of the 

transmission/reflection- type liquid crystal display 
device are laminated to each other with the designed 
alignment accuracy. 

Figure 6B shows the color filter region 11 on the 
color filter substrate and the reflective electrode 
region 3 and the transmisslve electrode region 8 on the 
lower substrate in the case where the lower substrate and 
the color filter substrate of the 

transmission/reflection-type liquid crystal display 
device are laminated to each other with the color filter 
substrate being shifted with respect to the lower 
substrate in the direction shown by the arrow. 

In the production process of the liquid crystal 
display device of Comparative Example 2, when the lower 
substrate and the color filter substrate are mis -aligned 
with respect to each other as shown in Figure 6B, the total 
area S(D' ) of the resultant non-color filter regions Dl' 
and D2' in the reflective region is smaller than the total 
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area S(D) of the non-color filter regions Dl and D2 of 
Figure 6A, as follows: 

S(D') - Dl' + D2' - D3* 
5 S(D) = Dl + D2 

S(D' ) < S(D) . 

Accordingly, in the liquid crystal display device of 
, Comparative Example 2, chromaticity and brightness of the 
10 liquid crystal display device are changed when the 
substrates are mis-aligned with respeot to each other. 

Since Comparative Example 2 is a 
transmission/ref lection-type liquid crystal display 

15 device in which each pixel electrode has a transmissive 
electrode region 8 and a reflective electrode region 3, 
such a disadvantage resulting from mis -alignment may 
occur in the case where an edge portion of the color filter 
region 11 is designed to be located in the vicinity of 

20 an edge portion of the transmissive electrode region 8. 

Thus, in the case of the 

transmisslon/ref lection-type liquid crystal display 
device, chromaticity and brightness of the display in the 
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transmissive electrode region 8 is changed when the lower 
substrate and the color filter substrate are mis -aligned 
such that the non-color filter region on the color filter 
substrate overlaps the transmissive electrode region 8 
5 of the pixel electrode. Accordingly, it is desirable to 
determine a pattern of the color filter layer so as to 
prevent the non-color filter region from overlapping the 
transmissive electrode region 8 of the pixel electrode, 
in view of the alignment accuracy of the substrates in 
10 the production process of the liquid crystal display 
device. 

(Example 2) 

Hereinafter, a liquid crystal display device 
according to Example 2 of the present invention will be 
described with reference to the drawings. Figures 7A 
and 7B are enlarged plan views each showing a pixel 
eleatrode portion of the liquid crystal display deviae 
of Example 2 . 

In Example 2, as shown in Figure 7A, a color filter 
region 11 of a high ohromaticity-property color filter 
for use In the transmission-type liquid arystal display 
device is formed as well as non-color filter regions El 
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and E2 are provided in eaoh of the regions of the color 
filter substrate 2 which correspond to the respective 
picture electrode regions 3* White display is provided 
by the non-aolor filter regions El and E2, and is mixed 
with color display provided by the high chromatlcity- 
property color filter regions H , whereby bright display 
which is required in the ref leative regions of the 
transmission/reflection- type liquid crystal display 
device can be realized. 



Figure 7A shows the color filter region 11 on the 
color filter substrate arid the pixel electrode region 3 
on the lower substrate in the case where the lower 
substrate' and the color filter substrate are laminated 
15 to each other with the designed alignment accuracy. 

Figure 7B shows the aolor f ilter region 11 on the 
color filter substrate and the pixel electrode region 3 
on the lower substrate in the case where the lower 
20 substrate and the color filter substrate are laminated 
to each other with the color filter substrate being 
shifted with respect to the lower substrate in the 
direction shown by the arrow. 
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In the production process of the liquid crystal 
display device of Example 2 , even when the lower substrate 
and the color filter substrate are mis-aligned with 
respect to each other as shown in Figure 7B, the total 
5 area S(E' ) of the resultant non-color filter regions El ' 
and 22' is equal to the total area S(B) of the non-color 
filter regions El and E2 of Figure 7A, as follows: 

S(E f ) = El' + E2J 
10 S(B) - El + E2 

/ S(E') = S(E) . 

Therefore, chromaticity and brightness of the liquid 
crystal display device are not changed . 

According to Example 2, the non-color filter 
regions are provided, and the color filter layer is 
patterned such that the total area of the non-color filter 
regions in each pixel region is not changed even when the 
20 lower substrate and the color filter substrate are 
mis-aligned with respect to each other. Therefore, a 
liquid crystal display device in which chromaticity and 
brightness are not changed can be realized. 
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In this respect, in the 

transmission/reflect ion- type liquid crystal display 
device of Example 2, a pattern of the color filter 
region 11 la determined so that the non-color filter 
region does not overlap the transmlssive electrode 
region 8 of the pixel electrode when the lower substrate 
and the color filter substrate are mis-aligned with 
respect to each other, in view of the alignment aaouracy 
of the substrates in the production proaess of the liquid 
crystal display device. In other words, in Example 2, 
the color filter region 11 and the transmlssive electrode 
region 8 are located such that the distance between the 
respective edge portions of the color filter region 11 
and the transmlssive electrode region 8 is larger than 
the alignment margin. Accordingly, such a change in 
chromat icity and brightness of the liquid crystal display 
cievlce resulting from the mis-alignment of the substrates 
as in the case of the liquid crystal display device of 
Comparative Example 2 can be suppressed. 

(Example 3) 

Hereinafter/ a liquid crystal display device 
according to Example 3 of the present invention will be 
described with reference to the drawings. Figures 8A 
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and SB are enlarged plan views each showing a pixel 
electrode portion of the liquid crystal display device 
of Example 3. 

In Example 3, as shown in Figure 8A, a color filter 
region 11 of a high chromaticity-property color filter 
layer for use in the transmission- type liquid crystal 
display device are formed as well as a non-color filter 
region F is provided in a region of the color filter 
substrate which corresponds to the respective pixel 
electrode 3. White display is provided by the non-color 
filter regions P, and is mixeid with color display provided 
by the high ohromatioity-property color filter regions 11, 
whereby a bright display, which is required in the 
reflective regions of the transmission/reflection-type 
liquid crystal display device, can be realized. 

Figure 3A shows the color filter region 11 on the 
color filter substrate and the pixel electrode 3 on the 
lower substrate in the case where the lower substrate and 
the color filter substrate are laminated to each other 
with the designed alignment accuracy. 

Figure. 8B shows the color flit r r gion 11 on the 
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color filter substrate and the pixel electrode 3 on the 
lower substrate in the case where the lower substrate and 
the color filter substrate are laminated to each other 
with the color filter substrate being shifted with respect 
5 to the lower substrate in the direction shown by the arrow. 

In the production process of the liquid crystal 
display device of Example 3, even when the lower substrate 
and the color filter substrate are mis-aligned with 

10 respect to each other as shown in Figure 8B, the area S(F ' ) 
of the resultant non-color filter region P' is equal to 
the area S(F) of the non-color filter region F of Figure 8A, 
that is, S(F') = S(F), Therefore/ chromatlclty and 
brightness of the liquid crystal display device are not 

15 changed. 

Thus, according to Example 3, the non-color filter 
regions are provided, and the color filter layer is 
patterned such that the area of the non-color filter in 
20 each pixel region is not changed even when the lower 
substrate and the non-color filter substrate are mis- 
aligned with respect to each other. . In other words, the 
qolor filter region 11 and the transmissive electrode 
region 8 are located such that the distanc betw en the 
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respective edge portions of the color filter 11 and the 
transmlssive electrode region 8 Is larger than the 
alignment margin- Therefore, a liquid crystal display 
device in which ohromaticity and brightness are not 
changed can be realized. 

(Example 4 ) 

Hereinafter, a liquid crystal display device 
according to Example 4 of the present invention will be 
described with reference to the drawings. Figures 9A 
and 9B are enlarged plan vlewa each showing a pixel 
electrode portion of the liquid crystal display device 
of Example 4. 

In Example 4, as shown in Figure 9A, a color filter 
region 11 of a high chromaticity-property color filter 
layer for use in the transmission -type liquid crystal 
display device is formed as well as a non-color filter 
region G is provided in each of the regions of the color 
filter substrate which correspond to the respective pixel 
electrodes 3. White display is provided by the non-color 
filter regions G, and is mixed with color display provided 
by the high chromaticity-property color regions 11, 
whereby a bright*, display, which is required in the 
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reflective regions of the transmission/reflection- type 
liquid crystal display device, can be realized. 

Figure 9A shows the color filter region 11 on the 
color filter substrate 2 and the pixel electrode 3 on the 
lower substrate in the case where the lower substrate and 
the color filter substrate are laminated to each other 
with the designed alignment accuracy r 

Figure 9B shows the color filter region 11 on the 
color filter substrate and the pixel electrode 3 on the 
lower substrate in the aase where the lower substrate and 
the color filter substrate are laminated to eaah other 
with the color filter substrate being shifted with respect 
to the lower substrate in the direction shown by the arrow. 

In the production process of the liquid crystal 
display device of Example 4, even when the lower substrate 
and the color filter substrate are mis-aligned with 
respect to each other as shown in Figure 9B, the area S(G r ) 
of the resultant non-color filter region G' is equal to 
the area S(G) of the non- color filter region G of Figure 9A, 
that is, S(G') - S(G), Therefore, chromaticity and 
brightness of the liquid crystal display device are not 
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changed. 

♦ • 

According to Example 4, the non-color filter 
regions are provided, and the color filter is patterned 
5 such that the area of the non-color filter in each pixel 
region is not changed even when the lower substrate and 
the non-color filter substrate are mis-aligned with 
respect to each other. Therefore, a liquid crystal 
display device in which chromatlcity and brightness are 
10 not changed can be realized, 

( Example 5) 

Hereinafter, a liquid crystal display device 
according to Example 5 of the present invention will be 

15 described with reference to the drawings. Figures 10A 
and 10B are enlarged plan views each showing a pixel 
electrode portion of tha liquid crystal display device 
of Example 5. and Figure 10C is a plan view showing the 
entire pattern of a aolor filter layer in the liquid 

20 crystal display device of Example 5. 

In Example 5, as shown in Figure 10A, a color 
filter region 11 of a high chromaticlty-property color 
filter for use in the transmission- type liquid crystal 
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display device is formed as well as a non-color filter 
region H is provided in each of the regions of the color 
filter substrate which correspond to the respective pixel 
electrodes 3 . White display is provided by the non-color 
filter regions H, and is mixed with color display provided 
by the high chromaticity-property color filter regions 11 , 
whereby a bright display, which is required in the 
reflective regions of the transmission/reflect ion- type 
liquid crystal display device, can be realized. 

It should be noted that, in the liquid crystal 
display device of Example 5, the R, G and B color filter 
regions 11 as shown in Figure 10A are provided in a delta 
arrangement as shown in Figure IOC for color display. 

Figure 10A shows the color filter region 11 on the 
color filter substrate and the pixel electrode 3 on the 
lower substrate in the case where the lower substrate and 
the color filter substrate are laminated to each other 
with the designed alignment accuracy. 

Figure 10B shows the aolor filter region 11 on the 
color filter substrate and the pixel electrode 3 on the 
low r substrate in case where the lower substrate and the 
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color filter substrate are laminated to each other with 
the color filter substrate being shifted with respect to 
the lower substrate in the direction shown by the arrow, 

5 in the. production process of the liquid crystal 

display device of Example S , even when the lower substrate 
and the color filter substrate are mis* aligned with 
respect to each other as shown in Figure 10B, the 
area S(H r ) of the resultant non-color filter region H' 
10 is equal to the area S(H) of the non-color filter region H 
of Figure 10A, that is, S(H') - S(H) , Therefore, 
chromatlclty and brightness of the liquid crystal display 
device are not ahanged. 

15 According to Example 5, the non-color filter 

regions are provided, and the color filter layer is 
patterned such that the area of the non-color filter in 
each pixel region is not changed even when the lower 
substrate and the non-color filter substrate are mis- 

20 aligned with respect to each other. Therefore, a liquid 
crystal display device in which ohromaticity and 
brightness are not changed can be realized. 
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(Example 6) 

Hereinafter, a liquid crystal display device 
according to Example 6 of the present invention will be 
described with reference to the drawings . Figures 11A 
5 and l IB are enlarged plan views each showing a pixel 
electrode portion of the liquid crystal display device 
of Example 6 . • N 

In Example 6/ as shown in Figure 11A, a color 
10 filter region 11 of a high chromaticity-property color 
filter for use in the transmission -type liquid crystal 
display device is formed as well as a non-color filter 
region I is provided in each of the regions of the color 
filter substrate which correspond to the respective pixel 
15 electrodes 3. White display is provided by the non-color 
filter regions I , and is mixed with color display provided 
by the high chromaticity-property color filter regions 11, 
whereby a bright display, which is required in the 
reflective regions of the transmission/reflection-type 
20 liquid crystal display device, can be realized. 

Figure 11A shows the color filter region 11 on the 
color filter substrate and the pixel electrode 3 on the 
lower substrate in the case whera the lower substrate and 
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the color filter substrate are laminated to each other 

with the designed alignment accuracy, 

* - 

Figure 11B shows the color filter region li on the 
5 color filter substrate and the pixel eleatrode 3 on the 
lower substrate in the case where the lower substrate and 
the color filter substrate are laminated to each other 
with the aolor filter substrate being shifted with respect 
to the lower substrate in the direction shown by the arrow, 

10 

In the production process of the liquid arystal 
display device of Example 6 , even when the lower substrate 
and the color filter substrate are mis-aligned with 
respect to each other as shown in Figure 11B, the 
15 area S(I') of the resultant non-color filter region I ' 
is equal to the area S(I) of the non-color filter region I 
of Figure llA, that is, S(X') = S(I), Therefore, 
. chromaticity and brightness of the liquid crystal display 
s device are not changed . 

20 

According to Example 6, the non-color filter 
regions are provided, and the color filter layer is 
patterned such that the area of the non-color filter in 
each pixel region Is not changed even when the lower 
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substrate and the non-color filter substrate are mis- 
aligned with respect to each other. Therefore, a liquid 
arystal display device in which chromaticlty and 
brightness are not changed can be realized, 

5 ' 

Hereinafter, the effects of variation in a 
finished pattern of the edge portion of the color 
filter 11 on optical characteristics will be described 
with reference to Figures 9A, 10A and 11A. 

10 

First, in Figure 11A, the boundary between the 
color filter region 11 and the non- color filter region 1 
(hereinafter, simply referred to as "boundary") is 
entirely present in the reflective region* In Figure 9A, 

15 however, the boundary partially extends out of the 
reflective region, whereby the boundary which is present 
within the reflective region in Figure 9A is shorter than 
that of Figure 11A. In Figure 10A, the boundary further 
extends out of the reflective region as compared to the 

20 case of Figure 9A, Therefore, the boundary which is 
present within the reflective region in Figure 10A Is 
shorter than that of Figure 9A- 

When the finished pattern of the edge portion of 
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the color filter 11 Is varied, the boundary which is 
present within the reflective region af feats the optical 
characteristics. Accordingly, in the case where the 
boundary partially extends ojit of the reflective region 
5 as shown in, for example, Figures 9A and 10A, the length 
of the boundary which is present within the reflective 
region is reduced, whereby the optical characteristics 
can be affected less by the variation in a finished pattern 
of the edge portion of the color filter region 11. 

10 

Moreover, a black mask having a line width larger 
than the variation in a finished pattern of the edge 
portion of the color filter region 11 may be formed at 
least on the boundary which is present within the 
15 reflective region, In this case, variation in display 
characteristics such as chroitiaticity property and 
contrast can be reduced, although the aperture ratio may 
be only somewhat reduced, 

20 (Example 7) 

Hereinafter, a liquid crystal display device 
according to Example 7 of the present invention will be 
described with reference to the drawings. Figures 12A 
and 12B are enlarged plan views each showing a pixel 
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electrode portion of the liquid crystal display device 
of Example 7 . 

In Example" 7 # as shown in Figure 12A, a color 
5 filter region 11 of a high chromaticity-property color 
filter for use in the transmission-type liquid crystal 
display device is formed as well as non-color filter 
regions Jl and J2 are provided in each of the regions of 
the color filter substrate which correspond to the 

10 respective pixel electrodes 3. White display is provided 
by the non-color filter regions Jl and 32, and is mixed 
with aolor display provided by the high chromaticity- 
property color filter regions 11, whereby a bright 
display, which Is required in the reflective regions of 

15 the reflection- type, liquid crystal display device, can 
be realized. 

Figure 12A shows the color filter region 11 on the 
color filter substrate and the pixel electrode 3 on the 
20 lower substrate in the case where the lower substrate and 
the color filter substrate are laminated to each other 
with the designed alignment accuracy. 

Figure 12B shows the color f ilter region 11 on the 
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color filter substrate and the pixel electrode 3 on the 
lower substrate in the case where the lower substrate and 1 
the color filter substrate are laminated to each other 
with the color filter substrate being shifted with respect 
5 to the lower substrate In the direction shown by the arrow. 

In the production process of the liquid crystal 
display device of Example 7 , when the lower substrate and 
the color filter substrate are mis-aligned with respect 
to each other as shown in Figure 12B, the total area 5 ( J ' ) 
of the resultant non-color filter regions Jl' and J2' 
becomes smaller than the total area S( Jj of the non-color 
filter regions Jl and J2 of Figure 12A, as follows t 

S(J' ) = Jl' + J2 ' 
S( J) =: Jl + J2 

s( j ' ) < s( j); 

According to the liquid crystal display device of 
20 Example 7 , the non-color filter regions are provided, and 
the color filter is patterned such that the total area 
of the non-color filter regions in each pixel region is 
changed when the lower substrate and the color filter 
substrate are mis -aligned with respeot to each other. 
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However, as compared to Comparative Example 1 in which 
a single non-color filter region which has the same area 
as the total area of the non-color filter regions in each 
pixel. region of Example 7 is provided in each pixel region, 
5 the amount of change in the area in Example 7 is so small 
that the ahromatlclty and brightness of the liquid crystal 
display device are not changed* 

Hereinafter, the effects of variation in a 

. "i . ■ ■ . ' 

10 finished pattern of the edge portion of the color filter 
. region 11 on optical characteristics will be described 
with reference to Figures 12A and 13A* 

In the case where the total area of the non-color 
15 filter regions in each reflection region in Figure 12A 
is the same as that of non-color filter regions in each 
reflection region in Figure 13A, the boundary which is 
present within the reflection region in Figure 12A is 
shorter than that in Figure 13A> Accordingly, in 
20 Figure 12A f optical characteristics can be affected less 
by the variation in a finished pattern of the edge portion 
of the color filter region 11. 

Depending upon a type of color filter layer, 
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optical characteristics may be af feoted more by the 
variation in the finished pattern of the edge portion of 
the color filter region 11 than by the alignment margin. 
In such a case, the pattern shown In Figure 12A is preferred 
to that shown in Figure 13A- 

Moreover, a black mask having a line width larger 
than the variation in the finished pattern of the edge 
portion of the color filter region 11 may be formed at 
least on the boundary which is present within the 
reflective region- In this case, variation in display 
characteristics such as chromatid ty property and 
contrast can be reduced, although the aperture ratio may 
be only somewhat reduced. 

(Example 8) 

Hereinafter, a liquid crystal display device 
according to Example 8 of the present invention will be 
described with reference to the drawings. Figures 13k 
and 13B are enlarged plan views each showing a pixel 
electrode portion of the liquid crystal display device 
of Example 8. 

In Example 8 , as shown in Figure 13A, a color 
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filter region 11 of a high chromatioity-property color 
filter for use In the transmission- type liquid crystal 
display device is formed as well as non-color filter 
regions Kl, K2, R3 and K4 are provided in each of the 
regions of a color filter substrate which correspond to 
the respective pixel electrodes 3. White display is 
provided by the non-oolor filter regions Kl, K2, K3 and 
K4, and Is mixed with color display provided by the high 
chromatialty-property color filter 11, whereby a bright 
display, which is required in the reflective regions of 
the reflection- type liquid crystal display device > can 
be realized. 

Figure 13A shows the color filter region 11 on the 
15 color filter substrate and the pixel electrode 3 on the 
lower substrate in the case where the lower substrate and 
the color filter substrate are laminated to each other 
with the designed alignment accuracy. 

20 Figure 13B shows the color filter region 11 on the 

color filter substrate and the pixel electrode 3 on the 
lower substrate in the case where the lower substrate and 
the color filter substrate are laminated to each other 
with the color filter substrate being shifted with respect 
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to the lower substrate in the direction shown by the arrow. 

In the production process of the liquid crystal 
display device of Example 8, even when the lower substrate 
and the color filter substrate are mis-aligned as shown 
in Figure 13B, the total area S(K') of the resultant 
non-color filter regions Kl 1 , K2 f , K3 1 and K4' is equal 
to the total area S(K) of the non-color filter regions 
Kl, K2, K3 and K4 of Figure 13A, as follows: 

S(K f ) = KIT + ; K2' + K3« + K4 1 
S(K) - Kl + K2 + K3 + K4 * 
S(K' ) = S(K) . 

Therefore, chromaticity and brightness of the liquid 
crystal display device are not changed. 

According to Example 8 f the color filter layer is 
patterned such that the total area of the non-color filter 
regions in each pixel region is not changed even when the 
lower substrate and the non -color filter substrate are 
mis-aligned with respect to each other. Therefore, a 
liquid crystal display device in which the chromaticity 
and brightness are not changed can be realized. 
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(Example 9) 

Hereinafter, a liquid crystal display device 
according to Example 9 of the present invention will be 
5 described with reference to the drawings. Figures 14A 
and 14B are enlarged plan views each showing a pixel 
electrode portion of the liquid crystal display device 
of Example 9. 

10 In Example 9, as ahown in Figure 14A, a color 

filter region 11 of a high chromatioity-property color 
1 filter for use in the transmission-type liquid crystal 
display device is formed as well as a non-color filter 
region L is provided in each of the regions of the color 

15 filter substrate which correspond to the respective pixel 
electrodes 3. White display is provided by the non-color 
filter regions L, and is mixed with color display provided 
by the high chromaticlty-property color filter regions 
11, whereby a bright display, which is required in the 

20 reflective regions of the reflection-type liquid crystal 
display device, can be realized. 

Figure 14A shows the color filter region 11 on the 
color filter substrate and the pixel electrode 3 on the 
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lower sub 3 1 rate in the case where the lower substrate and 
the color filter substrate are laminated to each other 
with the designed alignment accuracy. 

5 Figure 148 shows the color filter region 11 on the 

color filter substrate and the pixel electrode 3 on the 
lower substrate in the case where the lower substrate and 
the color filter substrate are laminated to each other 
with the color filter substrate being shifted with respect 
10 to the lower substrate in the direction shown by the arrow. 

In the production process of the liquid crystal 
: display device of Example 9 , even when the lower substrate 
arid the color filter substrate are mis -aligned with 
15 respect to each other as shown in Figure 14B, the 
area S(L') of the resultant non-color filter region L 1 
"V is equal to the area S(L) of the non-color filter region L 
of Figure 14A, that is, S(L') * s(L)V Therefore, 
chromatlclty and brightness of the liquid crystal display 
20 device are not changed. 

According to Example 9, the non-color filter 
regions are provided, and the color filter layer is 
patterned such that the area of the non-color filter In 
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each pixel region is not changed even when the lower 
substrate and the non-color filter substrate are mis- 
aligned with respect to each other. Therefore, a liquid 
crystal display device in which chromaticity and 
5 brightness are not, changed can be realized- 

(Example 10) 

Hereinafter, a liquid crystal display device 
according to Example 10 of the present invention will be 
10 described with reference to the drawings. Figures 15A 
and 15B are enlarged plan views each showing a pixel 
electrode portion of the liquid crystal display device 
. of Example 10. 

15 In Example 10, as shown in Figure 15 A, a color- 

filter region 11 of a high chromaticity-property color 
filter for use in the transmission -type, liquid crystal 
display device is formed as well as a non-color filter 
region M is provided in each of the regions of the color 

20 filter substrate which correspond to the respective pixel 
electrodes 3. White display is provided by the non-color 
filter regions M, and is mixed with color display provided 
by the high chromaticity-property color regions 11, 
whereby a bright display, which is required in the 
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reflective regions of the transmission/ref leation- type 
liquid crystal display device/ can be realized. 

Figure ISA shows the color filter region 11 on the 
5 color filter substrate and the pixel electrode 3 on the 
lower substrate in the case where the lower substrate and 
the color filter substrate are laminated to each other 
with the designed alignment accuracy. 

10 Figure 15B shows the color filter region 11 on the 

color filter substrate and the pixel electrode 3 on the 
lower substrate in the case where the lower substrate and 
the color filter substrate are laminated to each other 
with the color filter substrate being shifted with respect 

15 to the lower substrate In the direction shown by the arrow. 

In the production process of the liquid crystal 
display device of Example 10, even when the lower 
substrate and the color filter substrate are mis-aligned 
20 with respect to each other as shown in Figure 15B, the 
area S(M') of the resultant non-color filter region M f 
is equal to the area S(M) of the non-color filter region M 
of Figure 15k, that is, S(M' ) = S(M). Therefore, 
chromaticity and brightness of the liquid crystal display 
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device are not changed. 

According to Example 10, the non-color filter 
regions are provided, and the color filter layer is 
5 patterned such that the area of the non-color filter in 
each pixel region is not changed even when the lower 
substrate and the non-color filter substrate are mis- 
aligned with respect to each other. Therefore, a liquid 
crystal display device in which the chromatic! ty and 
10 brightness are not changed can be realized. 

Hereinafter, the effects of variation in a 
finished pattern of the edge portion of the color filter 
region 11 on optical characteristics will be described 
15 with reference to Figures 14A and ISA. 

First, the non-color filter region L 
corresponding to the pixel eleatrode 3 of Figure 14A has 
a rectangular shape of sides x and y , whereas the non-color 
20 filter region M corresponding to the pixel electrode 3 
" of Figure ISA has a circular shape of radius r* It is 
now assumed that the area of the non-color filter region L 
is equal to that. of the non-color filter region M, and 
that a finished pattern of the dge portion of ach of 
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the color filter regions 11 is varied by d from the 
above-mentioned respective set value (i.e. , x, y and r)due 
to the exposure step for producing each of the color layers , 
as shown in Figures 14A and 15A- 

At this time, the difference AL in area in the 
case of Figure 14A can be given by the following equation: 

'.'AL * (x + 2d) (y + 2d) - xy - 2d (x + y) + Ad\ 

Since the minimum value Al is obtained when x » y, 

AL> 4dx + 4d 2 . 

Since the area of the non-color filter region L is equal 
to that of the non-color filter region M, the following 
equations can be obtained! 

xy - x 2 - 7tr 2 
x = [Vk) r. ; 

Therefore, the following equation can be obtained: 



AL = 4 if it), rd + 4d 2 . 
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Moreover, the difference A M in area in the case of 
Figure ISA can be given by the following equation; 

5 AM a %(t + &) 2 - rcr 2 « 27Crd +7Tr 2 . 

Therefore , the following relation can be obtained: 

AL > AM* : 

10 

Thus, in the case where the area of the non-color 
filter region L is equal to that of the non-color filter 
region M, the circumference (i.e., the above-mentioned 
boundary) of the circular pattern as shown in Figure 15A 
15 is shorter than that of the rectangular pattern as shown 
. in Figure 14A. Therefore, in the case of Figure ISA, the 
optical characteristics can be affected less by the 
variation in a finished pattern of the edge portion of 
the color f ilter 11, as compared to the case of Figure 14A. 

20 

Moreover, a black mask having a line width larger 
than the variation In a finished pattern of the edge 
portion of the color filter region 11 may be formed at 
1 ast on the boundary whiah is present within the 
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reflective region. In this case, variation in display 
characteristics such as chromatiaity property and 
contrast oan be reduced, although the aperture ratio may 
be only somewhat reduced- 

5 

( Example 11) 

Hereinafter, a liquid crystal display device 
according to Example 11 of the present invention will be 
described with reference to the drawings. Figures 16A 
10 and 16B are enlarged plan views each showing a pixel 
electrode portion of the liquid crystal display device 
of Example 11, and Figure 16C is a plan view showing the 
entire pattern of a aolor filter layer of the liquid 
crystal display device of Example 11. 

: 15 

In Example 11, as shown in Figure 16A, a color 
filter region II of a high chromaticity-property color 
filter layer for use in the transmission-type liquid 
crystal display device is formed as well as non-color 
20 filter regions Nl andN2 are provided in each of the regions 
of the color filter substrate which correspond to the 
respective reflective pixel electrodes 3. White display 
is provided by the non-color filter regions Nl and N2, 
and is mixed with color display provided by the high 
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chromaticlty-property color filter regions 11, whereby 
a bright display, which is required in the reflective 
regions of the reflection- type liquid crystal display 
device, can be realized. 

It should be noted that, in the liquid crystal 
display device of Example 11, the R, G and B color filter 
regions 11 as shown in Figure 16 A are provided in a delta 
arrangement as shown in Figure 16C for color display. 

■ ; 10 ■ 

Figure 16A shows the color filter region 11 on the 
color filter substrate and the pixel electrode 3 on the 
lower substrate in the case where the lower substrate and 
the color filter substrate are laminated to each other 

15 with the designed alignment accuracy- 
Figure 16B shows the color filter region 11 on the 
color filter substrate and the pixel electrode 3 on the 
lower substrate in the case where this lower substrate and 

20 the color filter substrate are laminated to each other 
with the color filter substrate being shifted with respect 
to the lower substrate in the direction shown by the arrow. 

In the production process of the liquid crystal 
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display device of Example 11, even when the lower 
substrate and the color filter substrate are mis-aligned 
with respect to each other as shown in Figure 16B, the 
total area S(N') of the resultant non-color filter 
regions Nl 1 and N2' is equal to the total area S(N) of 
the non-color filter regions Nl and N2 of Figure 16A, as 
follows: 

S(N f ) = Nl' + N2' 
S(N) - Nl + N2 
S(N f ) = S(N) . 

Therefore, chromaticity and brightness of the liquid 
crystal display device are not changed. 
15 

Thus, according to Example 11 , the non-color 
filter regions are provided, and the color filter layer 
is patterned such that the total area of the non-color 
filter regions in each pixel region is not changed even 
20 when the lower substrate and the non-color filter 
substrate are mis -aligned with respect to each other. 
Therefore, a liquid crystal display device in which the 
chromaticity and brightness are not changed can be 
realized. 
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(Example 12) 

Hereinafter, a liquid crystal display device 
according to Example 12 of the present invention will be 
described with reference to the drawings. Figures 17A 
and 17B are enlarged plan views each showing a pixel 
electrode portion of the liquid crystal display device 
of Example 12. 

In Example 12, as shown in Figure 17A, a color 
filter region 11 of a high chromaticity-property color 
filter layer for use in the transmission-type liquid 
crystal display device is formed as well as non-color 
filter regions 01 and 02 are provided in each of the regions 
of the color filter substrate which correspond to the 
respective pixel electrodes 3. White display is provided 
by the non-color filter regions 01 and 02, and is mixed 
with color display provided by the high chromaticity- 
property color filter regions 11, whereby a bright 
display, which is required in the reflective regions of 
the reflection-type liquid crystal display device, can 
be realized- 

Figure 17A shows the color filter region 11 on the 
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color filter substrate and the pixel electrode 3 on the 
lower substrate in the case where the lower substrate and 
the color filter substrate are laminated to each other 
with the designed alignment accuracy. 

5 

Figure 17B shows the color filter region 11 on the 
color filter substrate and the pixel electrode 3 on the 
lower substrate in the case where the lower substrate and 
the color filter substrate are laminated to each other 
10 with the color filter substrate being shifted with respect 
to the lower substrate in the direction shown by the arrow- 

In the production process of the liquid crystal 
display device of Example 12, even when the lower 
15 substrate and the color filter substrate are mis-aligned 
with respect to each other as shown in Figure 17B, the 
total area S(O') of the resultant non-color filter 
region Ol 1 and 02' is equal to the total area S(O) of the 

non-color filter region Ol and 02 of Figure 17A, as 

j ■ 

20 follows: 



S(0* ) - 01' + 02' 
S(O) « 01 + 02 
S(0 F ) s S{0). 
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Therefore, chromaticity and brightness of the liquid 
arystal display device are not changed* 

Thus, according to Example 12, the non-color 
filter regions are provided, and the color filter layer 
is patterned such that the total area pf the non-color 
filter regions in each pixel region is not changed even 
when the lower substrate and the non-color filter 
substrate are mis-aligried with respect to each other. 
Therefore, a liquid crystal display device in which the 
chromaticity and brightness are not changed can be 
realized. 

In such a case, however, the color filter 
region 11 must be designed so as to have a rectangular 
pattern as shown in Figure 16A rather than the curved 
pattern as shown in Figure 17A within the alignment margin 
in the horizontal direction. 

(Example 13) 

Hereinafter, a liquid crystal display device 
according to Example 13 of the present invention will be 
d scribed with r ference to the drawings- Figures 18A 
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to 18D are enlarged plan views each showing a pixel 
electrode portion of the liquid crystal display device 
of Example 13. 

In Example 13, as shown in Figure 18A, a color 
filter region 11 of a high chromaticity-property aolor 
filter for use in the transmission- type liquid crystal 
display device is formed as well as non-color filter 
regions PI and P2 are provided in each of the regions of 
the color filter substrate which correspond to the 
respective pixel electrodes 3 . White display is provided 
by the non-color filter regions PI and P2, and is mixed 
with color display provided by the high chromatidlty- 
property color filter region 11, whereby a bright display, 
which is required in the reflective regions of the 
reflection-type liquid crystal display device, can be 
realized. 

Figure ISA shows the color filter region 11 on the 
color filter substrate and the pixel electrode region on 
the lower substrate in the case where the lower substrate 
and the color filter substrate are laminated to each other 
with the designed alignment accuracy. 
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Figure 18B shows the color filter region 11 on the 
color filter substrate and the pixel electrode 3 on the 
lower substrate in the case where the lower substrate and 
the color filter substrate are laminated to each other 
5 with the color filter substrate being shifted with respect 
to the lower substrate in the direction shown by the arrow. 

In the production prooeas of the liquid crystal 
display device of Example 13, even when the lower 

10 substrate and the color filter substrate are mis-aligned 
with respect to each other as shown in Figure IBB, the 
total area S(P') of the resultant non-color filter 
regions PI 1 and P2' Is equal to the total area S(P) of 
the non-color filter regions PI and P2 of Figure 18A, as 

15 follows: 

S(P ' ) ca PI- + P2 V 
S(P) -PI + P2 
S(P» ) * S(P) . 

20 

Therefore, chromaticity and brightness of the liquid 
arystal display device are not changed. 



According to Exampl 13, the non-color filter 
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regions are provided, and the color filter layer ia 
patterned such that the total area of the non-oolor filter 
regions is not changed even when the lower substrate and 
the non-color filter substrate are mis-aligned with 
5 respect to each other. Therefore,, a liquid crystal 
display device in which the chrpmaticity and brightness 
are not changed can be realized. 

Hereinafter, the effects of variation in a 
10 finished pattern of the edge portion of the color filter 
region 11 on optical characteristics will be described 
with reference to Figures 18C and 180/ 

First, the non-color filter region (PI + P2) in 
IS the pixel region of Figure 18A has an area which is equal 
to the total area of two rectangles each having sides x 
andy (where y corresponds to the shorter side of the pixel) , 
whereas a non-color filter region (CI + C2) in the pixel 
region of Figure 18D has an area which is equal to the 
20 total area of two rectangles each having sides x' and y' 
(where x 1 corresponds to the longer side of the pixel )• 
It is now assumed that a finished pattern of the edge 
portion of each of the color filter regions 11 of 
Figures 18C and 18D is varied by d from the above- 
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mentioned respective set value (i.e., x, y, x 1 and y') 
due to the exposure step for producing each of the color 
layers, as shown in Figures 18C and 18D. 

At this time, the difference AP in area in the 
case of Figure 18C can be given by the following 
expression i 

AP -2 (x + d) y - 2xy 2dy; 

Moreover, the difference Ac in area In the case of 
Figure 18D can be given by the following expression: 

AC - 2xV (y. 1 + d) - 2x'y « 2dx' , where y < x' * 

Therefore, the following relation can be obtained: 

Ac > AP. 

Thus, when each pixel electrode has a rectangular 
shape, the optical characteristics can be affected less 
by the variation in a finished pattern of the edge portion 
of the color filter region 11 in the case where a non-color 
filter region is formed in a corresponding reflective 
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region such that at least one side of the non-color filter 
region has a side which is equal to the shorter side of 
the pixel electrode. 

Moreover / a black mask having a line width larger 
than the variation in a finished pattern of the edge 
portion of the color filter region 11 may be formed at 
least on the boundary which is present within the 
reflective region. In this case, variation in display 
characteristics such as chromaticity property and 
contrast can be reduced, although the aperture ratio may 
be only somewhat reduced* 

(Example 14) 

Hereinafter, a liquid crystal display device 
according to Example 14 of the present invention will be 
described with reference to the drawings. Figures 19A 
to 19C are enlarged plan views each showing a pixel 
electrode portion of the liquid crystal display device 
of Example 14, and Figure 19D is a plan view showing the 
entire pattern of a color filter in the liquid crystal 
display device of Example 14. 

In Example 14, as shown in Figure 19A, a color 
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filter region 11 of a high chromaticity-property color 
filter layer for use in the transmission- type liquid 
crystal display device is formed aa well as a non-color 
filter region Q is provided in each of the regions 
5 corresponding to the respective pixel electrodes 3 on the 
color filter substrate. White display is provided by the 
non-color filter regions Q, and is mixed with color 
display provided by the high chromaticity-property color 
filter regions 11, whereby a bright display, which is 
10 required in the reflective regions of the reflection* 
type liquid crystal display device, can be realized. 

It should be noted that, in the liquid crystal 
display device of Example 14, the R, G and B color filter 
15 regions 11 as shown in Figure 19A are provided in a delta 
arrangement as shown in Figure 19C for color display. 

Figure 19A shows the color filter region 11 on the 
color filter substrate and the pixel electrode 3 on the 
20 lower substrate in the oase where the lower substrate and 
the color filter substrate are laminated to each other 
with the designed alignment accuraay. 

Figure 19B shows the color filter region 11 on the 
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oolor filter substrate and the pixel electrode 3 on the 
lower substrate in the case where the lower substrate and 
the oolor filter substrate are laminated to each other 
with the color filter substrate being shifted with respect 
to the lower substrate in the direction shown by the arrow. 

In the production process of the liquid crystal 
display device of Example 14, even when the lower 
substrate and the color filter substrate are mis-aligned 
with respect to each other as shown in Figure 19B, the 
area S(Q f ) of the resulting non-color filter region Q* 
is equal to the area S(Q) of the non-color filter region Q 
of Figure 19A, . that is. S(Q' ) = S(Q) . Therefore, 
chromaticity and brightness of the liquid crystal display 
device are not changed. 

According to Example 14, the non-color filter 
regions are provided, and the color filter layer is 
patterned such that the area of the non-color filter in 
each pixel is not changed even when the lower substrate 
and the non-color filter substrate are mis-aligned with 
respect to each other. Therefore, a liquid crystal 
display device in which the chromaticity and brightness 
are not changed can be realized- 



10-21— 20CO 0:11 



P. 134/224 



98R00519-1 

■ - 95 - 

Hereinafter, the effects of variation In a 
finished pattern of the edge portion of the color 
filter 11 on optical characteristics will he described 
5 with reference to Figure 19Cv 

j In Figure 19 A, the color portion of the color 
filter region 11 shown in Figure 18A is divided into two 
portions in the vertical direction, and a non-color filter 

10 portion having an area equal to the total area of the 
non-color filter regions Pi and P2 is provided between 
the two portions (i.e., in the center of the pixel 
electrode )• In this case, the optical characteristics 
can be affected less by the variation in a finished pattern 

15 of. the edge portion of the color filter 11, than in the 
case of Figure 9A wherein the color portion of the color 
filter region 11 shown in Figure 18D is divided into two 
portions in the vertical direction, and a non-color filter 
portion having a length equal to the overall width of the 

20 non-color filter regions CI and C2 is provided between 
the two portions (i.e. , in the center of the pixel region) . 

- Moreover, a black mask having a line width larger 
than the variation in a finished pattern of the edge 
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portion of the color filter region 11 may be formed at 
least on the boundary which is present within the 
reflective region. In this case, variation in display 
aharaateristics such as ohromatioity property and 
5 contrast can be reduced, although the aperture ratio may 
be only somewhat reduced • 

The liquid crystal display device according to the 
present invention is characterized by the patterns of the 
color filter layer as described in the above examples. 
However, the color filter layer may have another pattern 
within the scope of the present invention. In other words, 
the color filter layer may have any pattern as long as 
the total area of the non-color filter region(s) in each 
pixel region is not changed even when the pixel electrode 
regions and the color filter regions of the liquid crystal 
display device are mis-aligned with respect to each other . 

[Embodiment 2] 

20 In order to describe Embodiment 2 of the present 

invention, the prinoiple of providing color display In 
the liquid crystal display according to the present 
invention will now be described quantitatively. 



10 



15 



10-21-2000 ' ■ 0:21 



MM' 



P. I 



12/234 



98R00519-1 

- 97 - 

Normally, color can be represented by the 
■ ' . ' " ' - • • t 

following three variables x, y and Y in the XYZ color 

system: 

5 x = X / (X + Y + 2): y = Y / (X + Y + 2) ... (1) 

Y - S E ( A ) y (A ) dA ... (2) 

where x and y are variables representing hue and color 
saturation, X, Y and Z are stimulus values for a virtual 

10 color, E (A) Is an optical energy (i.e. , spectrum) at 
wavelength A , and y ( A ) is human eye's spectral 
sensitivity to color Y. As given by Expression (2) , Y 
is a function of E (A) and y ( A ) , representing the 
brightness sensed by the human eyes. In fact, a 

15 comparative value of a reference light source is required, 
the following expression is usedi 

Y = kJs<A) p (A) y(A) dA (3) 
Je - 100 / S S( A ) y( A )dA 

20 

where S ( A ) 1b a spectrum of the reference light source/ 
and P ( A ) is a spectral reflectance or spectral 
transmittanca. 
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In order to display various colors in a liquid 
arystal display device, an additive color mixing method 
is used. More specifically, a color filter including 
three color layers : R, G and B layers are generally 
provided on a single substrate such that the respective 
color layers are arranged in a prescribed manner, and 
quantities of light transmitted through the respective 
color layers are controlled by controlling a voltage 
applied to the liquid crystal layer. 

Table 1 shows reflection characteristics of a 
color filter for use in a reflection-type liquid crystal 
display device. Table 2 shows transmission 
characteristics of a color filter for use in a 
transmission-type liquid arystal display device/ and 
Table 3 shows reflection characteristics of the color 
filter for use in the transmission-type liquid crystal 
display device. 
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Table 1: Reflection- type Color Filter 
(Reflection Charaat eristics) 





X 


y 


■ Y 


red (R) 


0.452 


0.303 


41.0 


green (G) 


0.304 


0.432 


73.8 


blue (B) 


0.169 


0.236 


35.4 


white (W) 


0.304 


0.329 


50.0 



Table 2 : Transmission-type Color Filter 
(Transmission Characteristics) 





X 


y 


Y 


red (R) 


0.591 


0.343 


20.5 


green (G) 


0.305 


0.543 


50.7 


blue (B) 


0.136 


0.164 


16.4 


white (W) 


0.306 


0.346 


29.2 
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Table 3: TransmiMion-type Color Filter 
(Refleatlon Characteristics) 





X 


y 


Y 


red (R) 


0.674 


0.321 


11.8 


green (G) 


0.296 


0.637 


31.3 


blue (B) 


0.129 


0.120 


7.4 


white (W) 


0,321 


0.343 


16.8 



5 Figure 24 is a plot of values x and y in Tables 

1 to 3 (hereinafter / this plot is referred to as 
"chromatlcity diagram" ) . It should be noted that , in each 
case, the light source used was D65 (a light source for 
measuring an object illuminated with daylight; color 

10 temperature: 6774 K) . The transmission characteristics 
are the spectral transmittance of the respective color 
filters with respect to the air/ whereas the reflection 
characteristics were calculated by substituting the 
square of transmittance at each wavelength for Q { k ) of 

15 Expression (3). 

In the oase of a color filter for use in a 
transmission- type liquid crystal display device, white 
(W) display is obtained by equally mixing R, G and B light 
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components, thereby achieving a transmit tance of 
about 30*. However, in the case where such a color filter 
for use in the transmission-type liquid crystal display 
device is used in a transmlsslon/ref lection-type liquid 
5 crystal display device, brightness of only about 16% can 
be obtained in the white display of the reflective regions , 
resulting in very dark display. This is because light 
passes through the color filter layer in the reflective 
regions twice, 

10 

In view of this, in a color filter which is used 
in the reflection- type liquid crystal display device, the 
thickness of the color filter or the amount of pigment 
dispersed in a resin is reduced/ or a pigment which is 
15 suitable for the reflection-type liquid crystal display 
device is used, whereby brightness of about 50% is 
obtained. 

However, ) as can be seen from Figure 24 . the 
20 respective x-y plot of R, G and B is located near the white 
point, indicating poor chromaticity property. This 
results from the fact that light absorption by the pigment 
must be reduced in order to obtain excellent brightness 
in the color filter for use in the reflection- type liquid 
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crystal device. Moreover, when such a color filter is 
used in the transmission/reflection- type liquid crystal 
display device, chromaticlty property in the transmissive 
electrode regions is further reduced as compared to that. 
5 in the reflective electrode regions. 

Accordingly, in order to realize bright, high 
chromaticity-property display both in the reflective and 
transmissive regions of the transmission/reflection- type 
10 liquid crystal display device , it is necessary to provide , 
in each pixel region, a color filter region having 
characteristics suitable for the reflective and 
. transmissive regions. 

15 Hereinafter, Embodiment 2 of the present 

invention will be described with reference to the 
drawings. 

Figure 20 is a plan view showing a 
20 transmission/ref lection-type liquid crystal display 
device according to the present invention, and Figure 21 
is a cross sectional view taken along line 21-21' of 
Figure 20. k display mode of the 

transmisslon/refleation-type liquid crystal display 
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device of the present invention will now be described with 
reference to Figures 20 and 21. 

As shown in Figures 20 and 21, a reflective 
5 electrode (reflective electrode region) 3 and a 
transparent electrode (transparent electrode region) 8 
each having a prescribed shape are formed on a lower 
substrate 1- The reflective electrode 3 and the 
transparent electrode 8 function as a pixel electrode. 
10 A color filter layer 11 and a transparent electrode 
(counter electrode) 4 are formed on a color filter 
substrate 2 which faces the lower substrate 1. 

A liquid crystal layer 5 of a liquid crystal 

15 material exhibiting negative dielectric anisotropy is 

... ■ ■ r 

interposed between the transparent electrode 4 and the 
reflective electrode 3 and transparent electrode 8, 
wherein liquid crystal molecules of the liquid crystal 
layer is aligned vertically to the substrate* 



20 



A quarter-wave plate 10 is provided between the 
outer surface of the lower substrate 1 and a polarizing 
plate 9- Similarly, a quarter-wave plate 7 is provided 
between the outer surface of the color filter substrate 2 
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and a polarizing plate 6. 

Hereinafter, a reflective region of the liquid 
crystal display device will be described. 

First , incident light on the liquid crystal 
display device is linearly polarized in. the polarizing 
plate 6. Then, the linearly polarized light is incident 
on the quarter-wave plate 7 such that an angle between 
its polarization axis and a slower optic axis of the 
quarter-wave plate 7 is 45°. The linearly polarized light 
is circularly polarized in the. quarter* wave plate 7, 
thereby passing through the color filter layer 11- 

It is now assumed that an electric field is not 
generated in the liquid crystal layer 5 which is located 
between the transparent electrode 4, and the reflective 
electrode 3 and transparent electrode 8. Since the liquid 
crystal material has negative dielectric anisotropy, 
liquid arystal molecules of the liquid crystal layer 5 
are aligned substantially perpendicularly to the 
substrate • Therefore, the liquid crystal layer 5 has only 
a slight birefringence along the normal of the substrate, 
whereby a phase difference caused by the liquid crystal 
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layer 5 is substantially zero- 
In the case where an electric field is not 
generated in the liquid crystal layer 5 , which is located 
5 between the transparent electrode 4 and the reflective 
electrode 3 and transparent electrode 8, the circularly 
polarized light passes through the liquid crystal layer 5 
without being subjected to any polarization. Then, the 
circularly polarized light is reflected by the reflective 
10 electrode 3 on the lower substrate 1 toward the color 
filter substrate 2, thereby again entering the 
quarter-wave plate 7. 

Thereafter, the circularly-polarized light 
15 passes through the quarter-wave plate 7> thereby entering 
the polarizing plate 6 as linearly polarized light. This 
linearly polarized light has a polarization axis which 
is perpendicular to the polarization axis of the 
above-mentioned linearly polarized light • At this time, 
20 the linearly polarized light having passed through the 
quarter-wave plate 7 enters the polarizing plate 6 
perpendicularly to the transmission axis of the' 
polarizing plate 6. Therefore, the light is absorbed by 
the polarizing plate 6 and is not transmitted 
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therethrough- 

Thus , a black display Is obtained when an electric 
field is not generated in the liquid crystal layer 5 which 
5 is located between the transparent electrode 4 and the 
reflective electrode 3 and transparent electrode 8, 

When a voltage is applied to the liquid crystal 
layer 5 which is located between the transparent 

10 electrode 4 and the reflective electrode 3 and 
transparent electrode 8, the liquid crystal molecules 
which have been aligned perpendicularly to the substrate 
are oriented horizontally to the substrate. Therefore, 
the circularly polarized light incident on the liquid 

15 crystal layer 5 is elliptically polarized due to the 
birefringence of the liquid crystal layer 5. The 
elliptically polarized light is reflected by the 
reflective electrode 3, and is again subjected to the 
birefringence of the liquid crystal layer 5 , The 

20 resultant light is not rendered linearly polarized light 
which is perpendicular to the transmission axis of the 
polarizing plate 6, even after passing through the 
quarter-wave plate 7. Therefore, the light goes out of 
the liquid crystal display device through the polarizing 
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plate 6. 

By adjusting the voltage applied to the liquid 
crystal layer 5 which is located between the transparent 
electrode 4 and the reflective electrode 3 and transparent 
electrode 6, the quantity of light to be transmitted 
through the polarizing plate 6 after being reflected from 
the reflective electrode 3 can be adjusted, whereby a 
gray-level display can be achieved, 

A transparent region of the liquid crystal display 
device will now be described. 

The polarizing plates 6 and 9 of Figure 21 are 
located such that the respective transmission axes are 
in parallel to each other. First, emitted light from the 
light source is linearly polarized in the polarizing 
plate 9. Thereafter, the linearly polarized light is 
incident on the quarter-wave plate 10 such that an angle 
between its polarization axis and a slower optic axis of 
the quarter-wave plate 10 is 45°, and is aircularly 
polarized in the quarter-wave plate 10. 

It is now assumed that an electric field is not 
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generated in the liquid oryatal layer 5 which is located 
between the transparent electrode 4, and the reflective 
electrode 3 and transparent electrode 8 . Since the liquid 
crystal material has negative dielectric anisotropy , 
liquid crystal molecules of the liquid oryatal layer 5 
are aligned substantially perpendicularly to the 
substrate - Theref ore , the liquid crystal layer 5 has only 
a slight birefringence along the normal of the substrate, 
whereby a phase difference caused by the liquid crystal 
layer 5 is substantially zero. 

In the case where an electric field is not 
generated in the liquid crystal layer 5 which is located 
between the transparent electrode 4 and the reflective 
electrode 3 and transparent electrode 8, the circularly 
polarized light passes through the liquid crystal layer 5 
without being subjected to any polarization onto the 
quarter-wave plate 7. In the case where the respective 
slower optic axes of the quarter-wave plates 10 and 7 are 
in parallel to each other , the circularly-polarized light 
is rendered linearly polarized light in the quarter-wave 
plate 7 , thereby entering the polarizing plate 6. At this 
time, the polarization axis of the linearly polarized 
light entering the polarizing plate 6 is perpendicular 
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to the transmission axis of the polarizing plate 6 . 4 Since 
the polarizing plates 6 and 9 are placed such that the 
respective transmission axes are in parallel to each other , 
the light is absorbed by the polarizing plate 6 and is 
5 not transmitted therethrough. 

Thus, a black display is obtained when an electria 
field is not generated In the liquid crystal layer 5 which 
is located between the transparent electrode 4, and the 
10 reflective electrode 3 and transparent electrode 8. 

When a voltage is applied to the liquid crystal 
layer 5 which is located between the transparent 
electrode 4 and the reflective electrode 3 and 

15 transparent electrode 8, the liquid crystal molecules 
which have been aligned perpendicularly to the substrate 
are oriented horizontally to the substrate. Therefore, 
the circularly polarized light incident on the liquid 
crystal layer 5 is elliptioally polarized due to the 

20 birefringence of the liquid crystal layer 5. The 
elliptioally polarized light is not rendered linearly 
polarized light which is perpendicular to the 
transmission axis of the polarizing plate 6, even after 
passing through the quarter-wave plate 7. Therefore, the 
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light goes out of the liquid crystal display device 
through the polarizing plate 6. 

By adjusting the voltage applied to the liquid 
5 crystal layer 5 which is located between the transparent 
electrode 4 and the reflective electrode 3 and transparent 
electrode 8, the quantity of light to be transmitted 
through the polarizing plate 6 can be adjusted, whereby 
a gray-level display can be achieved. 

; io 

In the case where a voltage is applied to the 
liquid crystal layer S such that the phase difference of 
the liquid crystal layer 5 corresponds to the half -wave 
conditions , the total phase difference of the 

15 quarter- wave plates 7, 10 and the liquid crystal layer 5 
corresponds to the one-wave conditions. Therefore, the 
light enters the polarizing plate 6 as linearly polarized 
light which has a polarization axis in parallel to the 
transmission axis of the polarizing plate 6, whereby the 

20 maximum quantity of light is transmitted through the 
polarizing plate 6. 

As described above, in the case where the liquid 
crystal material has negative dielectric anisotropy, a 
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black display is obtained while a voltage is not applied, 
whereas a white display is obtained while a voltage is 
applied. This is generally referred to as a 
normally-black mode. 
5 . V . 

In the conventional reflection- type liquid 
crystal display devices , the method of mixing color light 
components by using a low chromaticity-property color 
filter having high transmit tance has been used. Instead, 

10 according to the present invention, a high 
ahromaticity-property color filter region and a non -color 
filter region are provided in each of the regions on the 
color filter layer 2 which correspond to the respective 
reflective electrode regions 3. Therefore, white 

15 display is provided by the non-color filter regions, and 
is mixed with color display provided by the color filter 
regions, whereby a bright display, which is required for 
the reflection- type liquid crystal display device, is 
realized, 

20 

Hereinafter,, the positional relation between the 
color filter layer 11 on the color filter layer 2 and the 
reflective electrode 3 and transparent electrode 8 on the 
lower substrate 1 will be described with reference to 
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Figures 20 and 21. It should be noted that the transparent 
electrode 4 on the color filter substrate 2 , the liquid 
crystal layer 5 and a light -shielding layer are not shown 
in Figure 20. , 

As shown in Figure 20, color filter regions 11A, 
11B and 11C respectively represent R, G and B filter 
regions. Each of the color filter regions 11A, 11B 
and 11C has a stripe shape so as not to entirely overlap 
the respective reflective electrode 3, but to entirely 
cover the respective transmissive electrode 8, 

It should be noted that, by changing a ratio of 
the area of a non-color filter region to the area of a 
region of the color filter substrate 2 which corresponds 
to the reflective electrode region 3 (hereinafter, this 
ratio is simply referred to as "Sr"), chromaticity 
property and brightness can be set arbitrarily. 

The relation between ratio Sr and brightness of 
the reflective region upon using the color filter of 
Table 1 is shown in Figure 25. Moreover, the relation 
between ratio Sr and chromaticity coordinates are shown 
in Figure 26. 
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; As shown in the Figures, as the ratio Sr is 
increased, the brightness is increased, while the 
chromatioity property is reduced- For example, by 
5 setting the ratio Sr to about 0.125, the brightness of 
about 27% can be obtained. In this regard, the liquid 
crystal display device must be designed according to its 
use. Table v 4 shows the ratio Sr of a 

' ■ ■ \ . . . . 

transmission/reflection-type liquid crystal display 
10 device according to Example 15 of the present invention. 



Table 4: Example 15 





Sr 


X 


y 


y 


Red (R) 


0.125 


0.48 


0.33 


23 


Green (G) 


0.125 


0.30 


0.49 


40 


Blue (B) 


0.125 


0.21 


0.21 


19 


White (W) 




. 0.32 


0.34 


27 



15 It should be noted that, in the normally- black 

display mode, biref ringenae of the liquid crystal layer 5 
is substantially zero while a voltage is not applied. 
Therefore, an excellent black level can be obtained. 
Moreover, in the case where a parallel or twisted liquid 
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crystal material is used, a black display is obtained 
while a voltage Is applied. However, liquid crystal 
molecules in the vicinity of an alignment film are not 
oriented perpendicularly to the substrate even when a 
voltage is applied. Therefore, birefringence of the 
liquid arystal layer 5 is not zero, whereby a sufficient 
contrast cannot be achieved. In the case where the liquid 
crystal layer 5 is addressed by active devices , correction 
of point defects Is not necessary, which is significantly 
advantageous in terms of production cost. 

Furthermore, a cell thickness of the liquid 
crystal display devices may be varied during the 
production process . However , a black level does not 
depend on the cell thickness , whereby the production 
margin is increased. In addition, since the same 
threshold voltage is used for the reflection display and 
transmission display, the liquid crystal display device 
can be easily addressed. 

In the present invention, a vertical-alignment 
display mode in which liquid crystal molecules are aligned 
perpendicularly to the substrate is used. In such a 
display mode, it is known that a viewing angle can be 
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increased by providing an optical compensation plate 
between the polarizing plate and the substrate. In the 
present invention as well, the same effects can be 
obtained by providing such an optical compensation plate . 

5 

(Example 15) 

Hereinafter, a liquid crystal display device 
according to Example 15 of the present invention will be 
described with reference to the drawings . Figure 20 is 
10 a plan view showing the transmission/ref iection-type 
liquid crystal display device of Example 15 , and Figure 21 
is a cross sectional view taken along line 21-21 ' of 
Figure 20. 

15 It should be noted that, in order to clarify the 

positional relation between the color filter layer 11 and 
the pixel electrodes 3 and 8 the transparent electrode 4 , 
the liquid crystal layer 5, a light -shielding layer and 
an alignment layer are omitted in Figure 20. 

20 

As shown in Figure 20 , vertically extending signal 
electrodes 21 and transversely extending scanning 
electrodes 22 are formed on the lower substrate 1. 
Moreover, a TFT 23 and pixel electrodes 3 and 8 are formed 
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in the vioinity of each of the intersections of the signal 
electrodes 21 and the scanning eleotrodes 22. The pixel 
electrodes 3 and 8 for applying a voltage to the liquid 
aryatal layer 5 are formed from different materials . More 
5 specifically, the pixel electrodes 3 serve as reflective 
electrodes of an aluminum (Al). alloy, whereas the pixel 
electrodes 8 serve as transmissive electrodes of ITO. 

The color filter regions 11A, 11B and 11C are R, 
10 G and B color filter regions, respectively. Each of the 
color filter regions 11A, 11B and lie has a stripe- shape 
so as to entirely overlap the respective transmissive 
electrode 8, as well as to overlap about 87 • 5% of the total 
area of the respective ref leotive electrode 3 (see 
15 Table 4; Sr ■ 0,125) . It should be noted that the hatched 
portion B in the figure represents a non-color filter 
region in the reflective region . 

In Figure 21, the liquid crystal display device 
20 of Example 15 includes a pair of substrates: lower 
substrate (TFT substrate) 1 and color filter substrate 2. 
A vertical alignment film is applied to each of the 
substrates 1 and 2, and baked. Thereafter, the inner 
surface of the resultant color filter substrate 2 is 
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rubbed/ Then, the substrates 1 and 2 are laminated to 
each other with both silica spacers of about 3.5 Mm and 
epoxy resin (which are not shown ) Interposed therebetween . 
The epoxy resin is cured by heat treatment • 

A liquid crystal material having negative 
dielectric anisotropy is introduced into the gap between 
the substrates 1 and 2, whereby the liquid orystal layer 5 
is formed. The liquid crystal material used has An of 
about 0.0773/ Moreover, the rubbing process is conducted 
so that the longitudinal axis of the liquid crystal 
molecules is inclined by about 1° from the normal of the 
color filter substrate 2. 

After the liquid crystal material is introduced, 
the quarter -wave plate 7 and the polarizing plate 6 are 
attached to the outer surface of the color filter 
substrate 2. Similarly, the quarter-wave plate 10 and 
the polarizing plate 9 are attached to the outer surface 
of the lower substrate 1. At this time, the respective 
slower optic axes of the quarter-wave plates 7 and 10 are 
set to have an angle of about 45° with respect to the 
rubbing direction, and the quarter-wave plates 7 and 10 
ar attach d to the respective substrates 1 and 2 so that 
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the respective slower optic axes are in parallel to each 
other. Moreover, the respective transmission axes of the 
polarizing plates 6 and 9 are set to be in parallel to 
the rubbing direction. 

In the liquid crystal display device thus produced , 
a contrast of the reflection display is about 15 or more. 
A reflectance in a bright state (an applied voltage to 
the liquid crystal layer 5: about 3*25 V.) measured by a 
spectrocolorimeter (Model No. CM2002 made by Minolta 
Camera Co. , Ltd. ) was about 9% (reduced for aperture ratio 
of 100%) of that of a standard diffusing plate. This is 
substantially equal to the calculated brightness 
(about 27%) in the reflective regions multiplied by the 
value (about 3,4%) obtained from the transmittance of the 
polarizing plate 6, transmittance of the transparent 
electrode 4 and reflectance of the reflective 
electrode 3. 

Moreover, chromaticity of white was also 
excellent as follows: (x, y) - (0.31, 0.32). A contrast 
of the transmission display is 100 or more, and a 
transmittance in a bright state (an applied voltage to 
the liquid crystal layer 5t about 5 V) was about 12% 
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(reduced for aperture ratio of 100%) of that of air. 

The above-mentioned display characteristics were 
obtained in the liquid crystal display device wherein the 
5 polarizing plates 6 and 9 have not been subjected to 
surface treatment such as an antiref lective (AR) coating 
for reducing surface reflection- By conducting such 
surface treatment, a contrast of the reflection display 
can be significantly improved. 

10 . 

Moreover, a forward scattering plate may be 
provided on the surf ace of the polarizing plate 6 which 
faces the color filter substrate 2. The front scattering 
plate scatters incident light only in the direction in 

15 which light travels (i.e., in the forward direction) , and 
does not scatters incident light in the opposite direction 
(i.e., in the backward direction). At this time, light 
incident on the outer surface of the color filter 
substrate 2 is transmitted through the forward scattering 

20 plate while being scattered, and is reflected by the 
reflection electrode 3 back into the scattering plate. 
Therefore, the light is again scattered by the scattering 
plate* Since the reflection electrode 3 is a mirror, 
incident light is reflected only in a single direction, 
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whereby a viewing range is limited ♦ However, when such 
a scattering plate is used, a "mirror effect M is 
eliminated, whereby the viewing range can be increased. 
As a result, a paper-white display can be achieved. 

5 

The ratio Sr and the arrangement of the non-color 
filter regions are not limited to those described in 
Example 15 . In the case where brightness is considered 
more important than chromatid ty property, the ratio Sr 
10 may be increased. Bach of the color filter region 11A, 
11B and lie may have a shape other than the stripe-shape. 
The same effects as those of Example 15 can be obtained 
even when the color filter region has an island shape, 

15 (Example 16) 

Hereinafter, a liquid arystal display device 
according to Example 16 of the present invention will be 
described with reference to the drawings. Figure 22 is 
apian view showing a transmission/reflection-type liquid 

20 crystal display device of Example 16, and Figure 23 is 
a cross sectional view taken along line 23-23'. of 
Figure 22. It should be noted that, in order to clarify 
the positional relation between the oolor filter layer 
11 and the pixel electrodes 3 and 8, the transparent 
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electrode 4, the liquid crystal layer 5, a light -shielding 
layer and an alignment layer are omitted in Figure 22. 

As shown in Figures 22 and 23, the liquid crystal 
5 display device of Example 16 is different from that of 
Example 15 in that the reflective electrodes 3 are formed 
on a resin 12 having an uneven surface, and that the 
reflective electrodes 3 are formed from aluminum (Al) , 
The transparent eleatrodes ft are formed from the same 
10 material as Example 15. Also, the liquid crystal display 
device of Example 16 is produced by the same production 
process as Example 15 . 

In Example 16, the resin 12 having an uneven 
15 surface is formed by patterning a transparent, 
photosensitive acrylic resin into a circular shape, and 
melting the resultant resin by heating to a temperature 
equal to or higher than its glass transition temperature . 
An Insulation film 13 formed on the uneven surface of the 
20 resin 12 is formed from the same resin material as the 
resin 12. Therefore, the insulation film 13 serves to 
fill the recesses in the uneven surface of the resin 12 
so as to eliminate mirror-reflection components, as well 
as serves to prevent electrolytic corrosion of both the 
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Al reflective electrodes 3 and the transparent 
electrodes 8. 

In Example 16 , reflected light from the reflective 
electrodes 3 is appropriately scattered* Therefore / a 
"mirror effect" does not occur even without using the 
forward scattering plate, whereby a viewing range can be 
Increased. As a result, a paper* white display can be 
achieved. It should be noted that, characteristics 
similar to those of Example 15 are obtained in terms of 
contrast, brightness, dhromaticlty property and the like. 

(Example 17) 

Hereinafter, a specific example of the ratio Sr 
15 will be described - 

As shown in Table 5, a liquid crystal display 
device according to Example 17 of the present invention 
is produced by the same production process as that of 
20 Examples 2 and 15 except that the respective ratios Sr 
of the R, G and B filter regions are set to about 0.2 in 
Example 17. Table 5 shows the ratio Sr of the 
transmission/reflection-type liquid crystal display 
device of Example 17. 
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Table 5: Example 17 





Sr 


X 


y 


Y 


Red (R) 


0.2 


0 . 43 


0.33 


29 


Green (G) 


0.2 


0.31 


0.45 


45 


Blue (B) 


0.2 


0.23 


0.24 


26 


White (W) 




0.32 


0.33 


33 



In the liquid crystal display device of Example 17, 
5 a contrast of the reflection display is about 15 or more. 
When a voltage of about 3.25 V is applied to the liquid 
crystal layer 5, a reflectance was about 11% (reduced for 
aperture ratio of 100%) of that of a standard diffusing 
plate. 

10 

This is substantially equal to the calculated 
brightness (about 33%) in the reflective regions 
multiplied by the transmit tance (about 34%) obtained from 
the respective transmittance of the polarizing plate 6 
15 and transparent electrode 4 and reflectance of the 
reflection electrode 3. 

The chromaticity of each color is as shown In 
Figure 24 and Table 5. As a r suit/ reflection display 
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having a color reproduction range equivalent to that of 
the reflection-type liquid crystal display device oan be 
realized* 

5 (Example 18) 

Hereinafter, another specific example of the 
ratio Sr will be desoribed. 

As shown in Table 6, a liquid crystal display 
10 device according to Example 18 of the present invention 
is produced by the same production process as that of 
Examples 2 and 15 except that the respective ratios Sr 
of the R, G and B filter region are set to about 0.38, 
about 0.5 and about 0.2. Table 6 shows the ratio Sr in 
15 the transmission/reflection-type liquid crystal display 
device of Example 18. 



Table 6: Example 16 





Sr- 


X 


y 


Y 


Red (R) 


0.38 


0.37 


0.33 


45 


Green (G) 


0.5 


0.31 


0.37 


66 


Blue (B) 


0.2 


0.23 


0 .24 


26 


White (W) 




0.31 


0.32 


46 
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In order to obtain brightness equivalent to that 
of the reflective color filter shown in Table 1, the 
ratio Sr must be set to about 0.4. However, if the 
5 ratio Sr is set to about 0.4, light passing through the 
B color filter region cannot be distinguished from white 
color which is a color of the light source. 

Accordingly, in the liquid crystal display device 
10 of Example 18, the ratio Sr of the B filter region is 
reduced as well as the ratio Sr of the G filter region 
is increased, in order to increase brightness. This 
causes the chromatic! ty of white to be slightly shifted 
toward blue. However, such a color can still be 
15 recognized as a white color. 

la the liquid crystal display device of Example 18, 

a contrast of the reflection display is about 15 or more , 

When a voltage of about 3,25 V is applied to the liquid 

20 crystal layer 5, a reflectance was about 16% (reduced for 

■ • ■ • ~- / 

aperture ratio of 100%) of that of a standard diffusing 

plate. 



This is substantially equal to the calculated 
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brightness (about 46%) in the reflective regions 
multiplied by the transmittance (about 34%) of the 
polarizing plate 6 and transparent electrode 4 and 
reflectance of the reflection electrode 3. 

The chromatlcity of each color is as shown in 
Figure 24 and Table 6. As a result, a bright reflection 
display, which is equivalent to that of the 
reflection- type liquid crystal display device , can be 
obtained, although a color reproduction range is reduced. 

The above-mentioned reflection characteristics 
were obtained in the liquid arystal display device wherein 
the polarizing plates 6 and 9 have not been subjected to 
surfaae treatment such as an antiref lective (AR) coating 
for reducing surface reflection. By conducting such 
surface treatment, a contrast of the reflection display 
can be significantly improved. Each of the color filter 
region 11A. 11B and 11C may have a shape other than the 
stripe-shape. The same effects as those of Embodiment 2 
can be obtained even when the color filter region has an 
island shape. 
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(Example 19) 

Hereinafter, a liquid crystal display device 
according to Example 19 of the present invention will be 
described with reference to the drawings • Figure 27A is 
5 a cross sectional view showing the 
transmission/reflection-type liquid crystal display 
device of Example 15/ and Figures 27B and 27C are cross 
sectional views each showing the 

transmission/reflection-type liquid crystal display 
10 deviae\ of Example 19. Figures 28A and 28B are graphs 
showing electro-optical characteristics of the liquid 
crystal display device shown in Figure 27A. 

As shown in Figures 27A to 27C, the liquid crystal 
display device of Example 19 Is different from that of 
Example 15 only in that a planarizing film having a 
light -transmitting property is formed at least on a 
non-color filter region on the color filter substrate. 
Except for the planarizing film, the structure and 
production process of the liquid crystal display device 
of Example 19 is the same as those of Example 15. 

■•;/.' 

It should be noted that, in order to clarify the 
features of the liquid crystal display device of 
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Example 19, the structure thereof is partially omitted 
in Figures 27A to 27C* In addition, the elements shown 
in Figures 27A to 27C are not correctly scaled. 

First, the liquid crystal display device of 
Example 15 will now be described with reference to 
Figure 27A. As shown in Figure 27 A, the reflective 
electrodes 3 having a prescribed shape are formed on the 
lower substrate -1, whereas the color filter regions 11A, 
11B and 11C and the counter electrode 4 are formed on the 
color filter substrate 2 which faces the lower substrate 1. 
The liquid crystal layer 5 Is interposed between the 
reflective electrodes 3 and the counter electrode 4 which 
are respectively formed on the lower substrate 1 and the 
color filter substrate 2. 

In order to display various colors in the liquid 
crystal display device, the R, G and B filter regions 11A, 
LIB and 11C and non-color filter regions 15 are provided 
on the color filter substrate 2. By providing the 
non-color filter regions 15, light transmitted through 
the non-aolor filter regions 15 is mixed with light 
transmitted through the color filter regrions 11A, 11B 
and 11C having high chromaticity property, whereby a 
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bright display, which is necessary in the reflective 
regions of the liquid crystal display device, can be 
realized. 

5 However, as shown in Figure 27A, provided that a 

thickness of a region of the liquid crystal layer 5 which 
corresponds to the respective color filter regions 11A, 
11B and 11C is denoted by dTl, and a thickness of a region 
of the liquid crystal layer 5 which corresponds to the 

10 respective non-color filter regions 15 is denoted by dT2, 
the liquid crystal display device of Example 15 has dTl 
. of about 3.0 urn and dT2 of about 4.2 Mm. In this case, 
as shown in Figures 28A and 28B, electro-optical 
characteristics of the regions of the liquid crystal 

15 display device do not match each other, due to the 
difference in thickness between the regions of the liquid 
crystal layer 5. Such electro-optical characteristics 
of the liquid crystal display device of Example 15 will 
be specifically described with reference to Figures 28A 

20 and 28B. 

First , the electro-optical characteristics shown 
in Figure 28A correspond to a normally-white mode. 
Therefore, when a high voltage of about 6 V is applied, 
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the liquid crystal molecules are aligned substantially 
perpendicularly to the substrate, whereby a black display 
can be provided by each region of the liquid crystal 
layer 5, substantially regardless of the thickness of the 
5 liquid crystal layer 5. However, due to the voltage 
resistance of a driver, the liquid crystal display device 
is usually driven with a voltage of about 4 V to about 
5 V, resulting in a defective black display. Therefore, 
it is difficult to realize a higher contrast, 

10 

The electro -optical characteristics shown in 
figure 28B corresponds to a normally-black mode* 
Therefore, in an initial state, the liquid crystal 
molecules are aligned substantially perpendicularly to 

15 the substrate, whereby a black display can be provided 
by each region of the liquid crystal layer 5, 
substantially regardless of the thickness of the liquid 
crystal layer 5. As a result , although a contrast higher 
than that of the normally- white mode can be obtained, 

20 characteristics in a bright state (a voltage of about 4 V) 
as well as in a gray state are significantly varied as 
in the case of the normally-white mode. 

Therefore, in Example 19, a planarizing film 16 
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or 17 is formed at least in the non-color filter regions IB 
as shown In Figures 27B and 27C, respectively, in order 
to make the thicknesses dTl and dT2 of the liquid crystal 
layer 5 equal to each other. 

It should be noted that/ although the 
thicknesses dTl and dT2 of the liquid crystal layer 5 are 
shown to be equal to each other in Figures 27B and 27C, 
display characteristics can also be improved even when 
the thicknesses dTl and dT2 are not exactly equal to each 
other. In other words, the thicknesses dTl and dT2 does 
hot have to be equal to each other as long as the difference 
therebetween can be made small by a planarizing film 16 
or 17. 

With such a structure, retardation of the region 
of the liquid crystal layer 5 having a thickness dTl can 
be made equal to that of the region of the liquid crystal 
layer 5 having a thickness dT2. Accordingly, the liquid 
crystal display device has the same electro-optical 
characteristics in each region of the liquid crystal 
layer 5, allowing for uniform display in a dark state, 
gray state and bright state. As a result, a higher 
contrast can be achiev d. 
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Although an acrylic, photosensitive resin, which 
is a base material of the color filter layer, is used as 
the planarizing films 16 and 17 in Example 19, the present 
5 invention is not limited thereto. In other words , each 
of the planarizing films 16 and 17 may be formed from any 
material as long. as the material has a light- transmitting 
property, and its adhesive property and resistance 
against treatments are similar to those of the acrylic, 

10 photo-sensitive resin. However, a colorless material is 
preferred as the planarizing films. The above-mentioned 
photosensitive resin can be easily patterned. The 
planarizing film may alternatively be formed by applying 
S10 2 dissolved in a solvent by a spin-coating method or 

15 printing method and baking the applied film. 

In the structure of Figure 27B, the planarizing 
film 16 is patterned by using a photolithography technique 
so as to be formed only on the non-color filter regions * 
20 Theref ore, the flatness of the surf ace which is in contact 
with the liquid crystal layer 5 can be improved. 

In the structure of Figure 27C, the planarizing 
film 17 is formed so as to cover the entire surface of 
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the color filter substrate 2, In this case, the 
patterning by the photolithography technique is not 
necessary, thereby simplifying the production process. 

5 (Example 20) 

Hereinafter, a liquid crystal display device 
according to Example 20 of the present invention will be 
described with reference to the drawings. Figures 29A 
is a cross sectional view showing the 
10 transmission /ref lection-type liquid crystal display 
device of Example 15, and Figures 29B and 29C are cross 
sectional views each showing the 

transmission/reflection- type liquid crystal display 
device of Example 20. 

15 

As shown in Figures 29A to 29C , the arrangement 
of a color filter layer 6f the liquid crystal display 
device of Example 20 is different from that of Example 15 
in that a color filter layer 11 is formed on a region of 
20 the color filter substrate 2 which corresponds to a 
contact hole 26 for connecting a respective switching 
device to the respective pixel electrode 3. Except for 
this, the structure and production process of the liquid 
crystal display device of Example 20 are the same as those 
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of Example 15 • 

First, the arrangement of the color filter layer 
of the liquid crystal display device of Example 15 will 
5 be described with reference to Figure 29A. In the liquid 
crystal display device shown in Figure 29A, the reflective 
electrode 3 is formed on a resin 12 having an uneven surface, 
unlike the liquid crystal display device shown in 
Figure 21 As shown in Figure 29A, the reflective 

10 electrode 3 and the transparent electrode 8 each having 
a prescribed shape are formed on the lower substrate 1. 
The color filter layer 11 is formed on the region of the 
color filter substrate 2 which faces the reflective 
electrode 3 and the transparent electrode 8 except for 

15 a portion of the color filter substrate 2 which 
corresponds to the reflective electrode 3. A liquid 
crystal layer 5 is provided between the lower substrate 1 
and the color filter substrate 2. 

20 on the lower substrate 1 of such a liquid crystal 

display device, a pixel electrode including the 
reflective electrode 3 and transparent electrode 8 is 
connected to a drain electrode 25 of a TFT (i.e. , switching 
device) 23 through the contact hole 26. Moreover, the 

- • \ 
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oolor filter layer 11 and non-color filter regions are 
provided on the pixel electrode region of the aolor filter 
substrate 2. By providing such non-color filter regions , 
light transmitted through the non- color filter regions 
Is mixed With light transmitted through the color filter 
regions having high chromaticity property, whereby a 
bright display, which is necessary in the reflective 
regions of the transmission/reflection- type liquid 
crystal display device, can be realized/ 

However, as shown in Figure 29 A, a portion of the 
liquid crystal layer 5 which corresponds to the contact 
hole 26 is thicker than the remaining portion of the liquid 
crystal layer 5 by the thickness of an inter layer 
insulation film 13 . Therefore, in blaak display, leakage 
of light occurs in a portion of the reflective region which 
corresponds to the non-color filter region, thereby 
reducing a contrast. 

Therefore, in Example 20, the color filter 
layer 11 is formed also on the portion of the color filter 
substrate 2 which corresponds to the aontact hole 26, as 
shown in Figures 29B and 29C, Thus, the leakage of light 
within the refl ctive region, which results from the 
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mismatch of the electro-optical characteristics due to 
the difference in retardation, is reduced. 

With such a structure, a defective display which 
occurs in the vicinity of the contact hole 26 can be 
eliminated, thereby allowing for a uniform display in a 
dark state, gray state and bright state. Moreover, a 
higher contrast can be achieved. 

Although the color filter layer 11 is formed also 
on a portion of the color filter substrate 2 which 
corresponds to the contact hole 26 in Example 20, the 
present invention is not limited to the color filter 
layer 11 as long as the leakage of light can be reduced 
and defective display can be eliminated. For example, 
a light -shielding layer such as a black mask may 
alternatively be used. However; when the black mask 
serving as a light -shielding film is used, production cost 
is increased as compared to the case where the color filter 
layer 11 is used. Moreover, a larger black mask must be 
formed in view of the alignment margin, thereby reducing 
the aperture ratio which contributes to the display. 

In view of the above, in Example 20, the color 
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filter layer 11 la formed on the portion of the color filter 
substrate 2 whiah corresponds to the contact hole 26. As 
a result, an additional production step is not required, 
thereby simplifying the production process. 

Figure 29B shows the structure In which the color 
filter layer 11 is extended to the position corresponding 
to the contact hole 26 , and Figure 29C shows the structure 
in which the color filter layer 11 is patterned so as to 
correspond to the contact hole 26. 

[Embodiment 3] 

In the above embodiments, the ref lection-^type 
liquid crystal display device and the 
15 transmission/reflection-type liquid crystal display 
device have been described. Descriptions in 

embodiment 3 will be focused on the details of a color 
filter layer, 

20 The following descriptions are directed to an 

example in which a color filter layer according to 
embodiment 3 is applied to a transmission/reflection- 
type liquid crystal display device, but the color filter 
layer according to embodiment 3 is not limited thereto . 
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The color filter layer according to embodiment 3 only has 
to include two regions between which the number of times 
that light used for display is transmitted through the 
color filter layer is different. . The present invention 
5- includes a display device which uses such a color filter 
layer - 

In a transmission/reflection- type liquid crystal 
display deviae according to the present invention, light 

10 is transmitted through the color filter layer only once 
in the transmissive regions, while in the reflective 
regions, light is transmitted through the color filter 
layer twice. Therefore, in the case where the color 
filter layer is not optimized in both the transmissive 

15 regions and the reflective regions, the efficiency for 
light utilization (reflectance) in the reflective regions 
decreases, and the chromaticity property of light differs 
between transmitted light used for display in the 
transmissive regions and reflected light used for display 

20 in the ref leotive regions. 

Figure 31A is a cross-sectional view of a 
transmission/reflection- type liquid crystal display 
device according to embodiment 3 . Ae shown, a reflective 
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electrode 103 and a transmissive electrode 108 are formed 
In predetermined shapes on a lower substrate 101. The 
lower substrate 101 faces a color filter substrate 100 
(100a, 100b, or 100b). The color filter 

substrate 100 includes a glass substrate 102 and a color 
filter layer 111 (111a, 111b, ... /or lllh) formed thereon . 
A counter electrode 104 is formed on the color filter 
layer 111. A liquid crystal layer 105 is Interposed 
between the lower substrate 101 and the color filter 
substrate 100 . 

In the following descriptions of embodiment 3, 
the details of the color filter layer 111 will be 
described as well as a positional relationship of the 
formed color filter layer 111 to a reflective region 
(whloh corresponds to the reflective electrode 103) and 
a transmissive region (which corresponds to the 
transmissive electrode 108) . 

Figure 31B is a schematic cross - sectional view of 
a transmission/ref lection-type liquid crystal display 
device for illustrating a representative color filter 
layer according to embodiment 3 • The reflective 
electrodes 103 (functioning as reflection means ) and the 
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transmissive electrodes 108 are formed on the lower 
substrate 101. The reflective electrodes 103 

correspond to the reflective regions, and the 
transmissive electrodes 108 correspond to the 
5 transmissive regions. In the reflective regions , light 
from outside of the liquid crystal display device is 
reflected by the reflective electrodes 103 (reflection 
means) , and the reflected light is used for display (i.e. , 
the reflected light is observed by a viewer 135) . On the 
10 other hand, in the transmissive regions, light from a 
light source 125 is transmitted through the transmissive 
regions and used for display. 

According to examples 21-24 according to 
15 embodiment 3, a transmissive non-color filter region 145 
is provided in a color f ilter layer of a reflective region, 
whereby the thickness of the color filter layer in the 
reflective regions is changed so that the chromaticity 
property of the reflected light and the transmitted light 
20 which are used for display is adjusted appropriately. 

Figure 31C is a plan view of the 
transmission/reflection-type liquid crystal display 
device aacording to embodiment 3. A display region 155 
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on the lower substrate 101 lnaludes transmlssive 
regions 165 and refleotive regions 175, In one example , 
the transmlssive regions 165 and the reflective 
regions 175 are formed so that a transmlssive region 165a 
5 and a refleotive region 175a provide a display In a first 
color type (e.g. , red) , a transmlssive region 165b and 
a reflective region 175b provide a display in a second 
color type (e.g. / blue) , and a transmlssive region 165a 
and a reflective region 17 5c provide a display in a third 
10 color type (e.g., green). 

However, according to embodiment 3 , the 
transmlssive regions and the reflective regions are not 
limited to the tranemissive regions 165 and the 

15 reflective regions 175 shown in Figure 31C. In 
Figure 31C, the transmlssive regions are enclosed by the 
reflective regions. However, the reflective regions may 
be enclosed by the transmlssive regions. Alternatively, 
the transmlssive regions and the ref lective regions each 

20 may have the same shape, and may be alternately arranged 
in a matrix. The area ratio between the transmlssive 
regions and the reflective regions is varied within a 
range, for example, from It 9 to 9:1 according to the 
specification of a product to which the liquid crystal 
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display device is applied. The advantages of the 
transmission/reflection -type liquid crystal display 
device can be obtained as long as either of the 
transmissive regions and the reflective regions occupy 
5 at least about 10% area with respect to the whole area 
of the display region. . 

For example, in a portable 

transmission/reflection-type liquid crystal display 

10 device, it is preferable in view of power saving, that 
the reflective regions are larger than the transmissive 
regions. On the other hand,, in a 

transmission/reflection- type liquid arystal display 
device for use in a car, which can use a car battery having 

15 a relatively large capacity, it is preferable that the 
transmissive regions are larger than the reflective 
regions. Thus, the desirable area ratio between the 
transmissive regions and the reflective regions varies 
based on a relationship between the power consumption by 

20 a light source and a required brightness . Of course, the 
area ratio between the transmissive regions and the 
reflective regions may be 1:1- 
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(Example 21) 

Figures 3 2A through 32D show steps of forming a 
color filter substrate according to example 21 by using 
a pigment dispersion method. 

5 

Part (a) of Figure 3 2A is a cross-sectional view 
of a glass substrate 102 on which transparent resin 
portions 150 are formed. Part (b) of Figure 32A is a plan 
view of the glass substrate 102 shown in Part (a) of 
10 Figure 32A. 

In the first step, a transparent acrylic 
photosensitive material (e.g.., OPTMER® NN700 available 
from JSR Corporation) is spin-coated onto the glass 

15 substrate 102 so as to form a film having a thickness of 
about 0.5 \xm. Then, the transparent material film is 
sub jeated to a pattern-exposure process which uses active 
light , and developed with an alkaline developing solution. 
After being washed with water, the resultant structure 

20 is thermally treated, whereby transparent resin 
portions 150 are formed on the glass substrate 102 as 
shown in Parts (a) arid (b) of Figure 32A. Herein, the 
transparent resin portions 150 are formed in a 
predetermin d patt rn on the glass substrate 102 so that 
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each of them is within a region corresponding to a 
reflective region of the lower substrate 101 in a final 
product. In the final product, the transparent resin 
portions 150 f orm transmissive non-color filter regions. 
5 In this example, the transparent resin portions 150 are 
formed by using a pattern-exposure process of the 
photosensitive resin. However, the transparent resin 
portions 150 may be formed using other techniques such 
as patterning by etching, printing, transferring, etc. 
10 Furthermore, as shown in Part (b) of Figure 32A, the 
transparent resin portions 150 are formed in a stripe 
pattern, but may be formed in islands as long as each of 
the islands is within a region which corresponds to a 
reflective region of the lower substrate 101. 

15 

Thereafter, an acrylic pigment-dispersion 
photosensitive material of a first color (e.g., red) for 
a first color region is applied by spin-coating over the 
entire glass substrate 102 so as to form a film 160 having 
20 a thickness of about 1 \xm, shown in Figure 32B- The 
formed film 160 has a relatively flat upper surface 
entirely over the glass substrate 102, and thus, the 
thickness of the film 160 is thinner in a region over the 
transpar nt resin portions 150 than in a region between 
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the transparent resin portions 150 in which the f ilm 160 
is formed directly on the glass substrate 102, Then, the 
film 160 of the first oolor photosensitive material is 
subjected to a pattern-exposure process which uses active 
5 light , and developed with an alkaline developing solution . 
After being washed with water, the resultant structure 
is thermally treated, whereby first color portions 170 
for a color filter layer 111a are obtained as shown in 
Figure 32C. In the same manner, second color 

10 portions 180 and third color portions 190 are formed of 
an acrylic pigment -dispersion photosensitive material of 
a second color (e.g. . blue) and an acrylic pigment- 
dispersion photosensitive material of a third color (e«g., 
green), respectively, whereby a color filter layer 111a 

15 of a color filter substrate 100a is completed as shown 
in Figure 32D* In these production steps, it is easy to 
form the color filter layer 111a so as to have a 
substantially perfectly flat upper surface ■ As a result , 
the color filter layer 111a has thin color filter portions 

20 in portions or the entirety of the reflective regions. 
In the final product, the first color portions 170, the 
second color portions 180, and the third color 
portions 190 form the color filter regions. 
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Over the color filter layer Ilia of the thus- 
obtained color filter substrate 100a, an over-coat layer 
(not shown) and a transparent conductive layer (not shown) 
are formed. Then/the color filter substrate 100a is 
5 combined with the lower substrate 101 (in the liquid 
crystal display device, the orientation treatment may be 
performed before these substrates are combined) . On the 
lower substrate 101, each pixel may include a 
transmissive region and a reflective region. The color 

10 filter substrate 100a is aligned with respect to the lower 
substrate 101 so that the transparent resin portions 150 
in the color filter layer 111a are within regions which 
correspond to the reflective regions of the lower 
substrate 101 and dp not protrude into the transmissive 

15 regions of the lower substrate 101 as indicated in 
Figure 32D. That is , the thin color filter portions 170, 
180, and 190 over the transparent resin portions 150 are 
within regions which correspond to the reflective regions 
of the lower substrate 101 . After the two substrates have 

20 been combined, a liquid crystal material is injected 
therebetween, whereby a liquid crystal display panel is 
completed. Herein, a light -shielding layer may be 
provided to the color filter substrate 100a if necessary. 
Furthermore, it is desirable to consider an alignment 
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margin such that the transparent resin portions 150 do 
not overlap the transmissive regions in the case where 
the color filter substrate 100a is mis-aligned with 
respect to the lower substrate 101. With such an 
5 alignment margin, light which passes through the 
transmissive region is prevented from passing through the 
transparent resin portions 150 that have protruded into 
the transmissive regions and therefore is prevented from 
being used for display in the transmissive regions. 

In the above-fabricated transmission/ 
reflection- type liquid crystal display device, in the 
transmissive regions , a display is produced by utilizing 
light from a light source such as a backlight which is 

15 provided on a back surf ace of the liquid crystal display 
panel which is opposite to a surface at which a viewer 
is looking. In this region, the light is transmitted 
through the color filter layer once only. On the other 
hand, in the reflective regions, a display is produced 

20 by utilizing outside light such as sunlight, light from 
an indoor lighting device, or light from a lighting device 
placed at a front side of the display device, and the light 
is transmitted through the color filter layer twiae. 
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As described above , in the color filter layer 111a 
according to example 21 of the present invention, the 
thickness of the color filter region la thinner in 
portions or the entirety of the reflective regions than 
in the transmlssive regions. Therefore, the utilization 
efficiency for outside light does not decrease although 
the outside light is transmitted through the color f ilter 
layer 111a twice. When the color filter layer 111a of 
example 21 is employed, a transmission/reflection-type 
liquid crystal display deviae which can produce a bright 
display is obtained. It Is preferable to establish a 
relationship between the thickness of the color filter 
regions in the transmlssive regions and the thickness of 
the color filter regions in portions or the entirety of 
the reflective regions so that the difference of the 
chromaticity property between the transmlssive regions 
and the reflective regions is as small as possible. With 
this arrangement, the transmlsslvlty of at least a portion 
of the reflective regions for a wavelength in a certain 
wavelength range becomes smaller than a transmlsslvlty 
of the transmlssive regions for the same wavelength. In 
a transmission/reflection- type liquid crystal display 
device having such a structure, the variation in the 
chromaticity which may occur when the intensity of ambient 
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light is changed (e.g. , when intense sunlight is suddenly 
introduced to the liquid crystal display device or when 
a car which is running in daylight enters into a tunnel) 
can be suppressed, so that an uncomfortable display 
condition is not produced, and high visibility aan be 
obtained in various environments. 

(Example 22) 

Figures 33A. through 33B show steps of forming a 
color filter substrate by using a dyeing technique 
according to example 22. 

Part (a) of Figure 33A is a cross-sectional view 
of a glass substrate 102 on which transparent resin 
portions 210 are formed. Part (b) of Figure 33A is a plan 
view of the glass substrate 102 shown in Part (a) of 
Figure 33A- 

In the first step, a non-dyeable photosensitive 
transparent material is spin-coated onto the glass 
substrate 102 so as to form a film having a thickness of 
about 0*5 fim. Then, the transparent material film is 
subjected to a pattern-exposure process which uses active 
light , and developed with an alkaline developing solution . 
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After being washed with water, the resultant structure 
is thermally treated, whereby transparent reain 
portions 210 are formed on the glass substrate 102 as 
shown in Parts (a) and (b) of Figure 33A* Herein, the 
5 transparent resin portions 210 are formed in a 
predetermined pattern on the glass substrate 102 so that 
each of them is within a region corresponding to a 
reflective region of the lower substrate 101 in a final 
product. In the final product, the transparent resin 

10 portions 210 form transmissive non-color filter regions • 
In this example, the transparent resin portions 210 are 
formed by using a pattern- exposure process of the 
photosensitive resin. However, the transparent resin 
portions 210 may be formed using other techniques such 

15 as patterning by etching, printing, transferring, etc. 
Furthermore, as shown in Part (b) of Figure 33A, the 
transparent resin portions 210 are formed in a stripe 
pattern, but may be formed in islands as long as each of 
the islands is within a region which corresponds to a 

20 reflective region of the lower substrate 101. 

Thereafter , a dyeable photosensitive resin ( e . g < , 
a water solution in which an ammonium dichromate is added 
to a low mol cular weight gelatin so as to provide 
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photosensitivity) is applied by spin^coating over the 
glass substrate 102 so as to, form a film 220 having a 
thickness of about 1 (im, shown in Figure 33B- The formed 
film 220 has a relatively flat upper surface over the 
5 entire glass substrate 102, and thus, the thickness 
thereof is thinner in a region over the transparent' resin 
portions 210 than in a region between the transparent 
resin portions 210 in which the film 220 Is formed 
directly on the glass substrate i02» Then, the dyeable 

10 photosensitive resin film , 220 is exposed to ultraviolet 
light through an exposure mask having a predetermined 
light -shielding pattern so as to form In the film 220 a 
latent image for first color portions (e.g. , red portions) . 
The dyeable photosensitive resin film is water-developed 

]l5 so that unexposed portions of the film are dissolved, 
whereby a first color relief pattern 230 is formed as 
shown in Figure 33C. Thereafter, the resultant 
structure is immersed in a -first color dye solution to 
dye the relief pattern 230. Then, a dye fixation process 

20 and a dye-proofing treatment are performed, whereby first 
color portions 240 are formed as shown in Figure 33D. In 
these steps, the transparent resin portions 210 are not 
dyed with a first color because they are non-dyeable. In 
the same manner, second color (e.g., blue) portions 250 
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and third color (o.g-, green) portions 260 are formed on 
the glass substrate 102, whereby the color filter 
layer 111a of a color filter substrate 100a is completed. 
Thereafter, an over-coat layer (not shown) may be formed 
5 of an acrylic resin material over the color filter 
layer 111a if necessary- In the final product, the first 
color portions 240, the second color portions 250, and 
the third color portions 260 form the color filter 
regions. 

10 

Over the color filter layer 111a of the thus- 
obtained color filter substrate 100a (Figure 33E), a 
transparent conductive layer (not shown) is formed. Then, 
the color f ilter substrate 100a is combined with the lower 

15 substrate 101, and a liquid crystal material is injected 
therebetween/ whereby a liquid crystal display panel is 
completed (in the liquid crystal display device, an 
orientation treatment may be performed before the 
substrates are combined) - It should be noted that on the 

20 lower substrate 101, each pixel may include both a 
transmissive region and a reflective region. 

As in example 21, in the color filter layer 111a 
of example 22/ the thickness of th color flit r region 
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is thinner in portions or the entirety of the reflective 
regions than in the transmisslve regions . Therefore , the 
utilization efficiency for outside light does not 
decrease in the reflective regions although the outside 
light is transmitted through the color filter layer 111a 
twice. When the color filter layer 111a of example 21 
is employed, a transmission/ ref lection-type liquid 
crystal display device which produces a bright and even 
display is obtained. 

(Example 23) 

Figures 34A through 34E show steps of forming a 
color filter substrate according to example 23, which 
includes a step of polishing a color filter material film. 

Part (a) of Figure 34A is a cross-sectional view 
of a glass substrate 102 on which transparent resin 
portions 300 are formed. Pari: (b) of Figure 34A is a plan 
view of the glass substrate 102 shown in Part (a) of 
20 Figure 34A- 



10 



15 



In the first step/ a transparent acrylic 
photosensitive material (e.g., OPTMER* NN700 available 
from JSR Corporation) is spin-coated onto the glass 
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substrate 102 so as to form a film having a thickness of 
about 0.5 ]un. Then, the transparent material film is 
subjected to a pattern-exposure process which uses active 
light , and developed with an alkaline developing solution . 
5 After being washed with water, the resultant structure 
is thermally treated, whereby transparent resin 
portions 300 are formed on the glass substrate 102 as 
shown In Parts (a) and (b) of Figure 34A. Herein, the 
transparent resin portions 300 are formed in a 

10 predetermined pattern on the glass substrate 102 so that 
each . of them is within a region corresponding to a 
reflective region of the lower substrate 101 in a final 
product. In the final product, the transparent resin 
portions 300 form transmisaive non-color filter regions* 

15 In this example, the transparent resin portions 300 are 
formed by using a pattern-exposure process of the 
photosensitive resin. However, the transparent resin 
portions 300 may be formed using other techniques such 
as patterning by etching, printing, transferring, etc. 

20 Furthermore, as shown in Part (b) of Figure 34A, the 
transparent resin portions 300 are formed in a stripe 
pattern, but may be formed in islands as long as each of 
the islands is within a region which corresponds to a 
reflective region of the lower substrate 101.. 
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Thereafter, an acrylic pigment -dispersion 
photosensitive material of a first color (e.g., red) is 
spin-coated entirely over the glass substrate 102 so as 
5 to form a film 310 having a thickness of about 1 fim, shown 
in Figure 34B. The film 310 is formed so as to have a 
relatively flat upper surface over the entire glass 
substrate 102. However, if the viscosity of the acrylic 
pigment-dispersion photosensitive material used is high, 

10 steps may be formed between portions of the film 310 over 
the transparent resin portions 300 and the portions of 
the film 310 between the transparent resin portions 300 
which are directly on the glass substrate 102. Then, the 
formed film 310 of the first aolor photosensitive 

15 material is sub jected to a pattern-exposure process which 
uses active light, and developed with an alkaline 
developing solution. After being washed with water, the 
resultant structure is thermally treated, whereby first 
color portions 320 for a color filter layer 111a are 

20 formed as shown in Figure 34C- In the same manner , second 
color portions 330 and third color portions 340 are 
formed of an acrylic pigment -dispersion photosensitive 
material of a second color (e.g. , blue) and an acrylic 
pigment- dispersion photosensitive material of a third 
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oolor (e.g. , green) , respectively, thereby forming a 
color filter layer 110 of a color filter substrate 100a 1 
as shown in Figure 34D. In the final product, the first 
aolor portions 320, the second color portions 330, and 
5 the third color portions 340 form the color filter 
regions ♦ 

In the color filter substrate 100a' shown in 
Figure 34D, high steps have been formed in the color 

10 portions 320, 330, and 340 of the color filter layer 110 
between regions in which the transparent resin 
portions 300 are formed and regions in which the 
transparent , resin portions 300 are not formed- In such 
a case, the effects of the present invention that have 

15 been described in example 21 cannot be satisfactorily 
obtained, because there is not a sufficient difference 
in the thickness of the color portions 320, 330, and 340 
. ■ between the regions in which the transparent resin 
portions 300 are formed and the regions in which the 

20 transparent resin portions 300 are not formed. 
Furthermore/ in the case where a color filter substrate 
having such an uneven color filter layer 110 is combined 
with a counter substrate to form a liquid crystal panel, 
a liquid crystal panel having a multi-gap structure in 
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which the thickness of a liquid crystal layer varies 
within a reflective region of a single pixel results. 
Such a. multi-gap structure may deteriorate the display 
quality. In particular, in a liquid crystal display 
5 device which uses a liquid crystal material having a 
positive dielectric anisotropy and operates in a display 
mode where a black display is produaed when a particular 
voltage is applied, the contrast ratio deteriorates 
because light is not completely interrupted by the liquid 

10 crystal moleaules when a black display is produced (in 
a liquid crystal . display device which uses a liquid 
crystal material having a negative dielectric anisotrppy, 
the liquid crystal display device operates in a display 
mode where a black display is produced when a voltage is 

15 not applied or when the applied voltage is smaller than 
a threshold voltage, e.g. , a vertical orientation display 
mode). In such a case, the contrast ratio does not 
deteriorate because the light is completely interrupted 
by the liquid crystal molecules during a black display. 

20 

In this example, a surface of the uneven color 
filter layer 110 is polished so that the steps formed on 
the surface of the color filter layer 110 . shown in 
Figure 34D are r duoed or removed so as to obtain a color 
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filter layer 111a having a substantially flat surf ace as 
shown in Figure 34E. With the flat color filter 
layer 111a, the effects of the present invention that have 
been described in the above examples can be satisfactorily 
5 obtained. Furthermore, the; deterioration in display 
quality due to the multi-gap structure in the reflective 
regions can be prevented, 

(Example 24) 

10 Figures 35A through 35H show steps of forming a 

color filter substrate by partially reducing the 
thickness of a color filter region in a color filter layer. 

Figure 35il is a cross-sectional view of a glass 
15 substrate 102 on which a transparent acrylic 
photosensitive material film 360 is formed. 

In the first step, an acrylic pigment -dispersion 
photosensitive material of a first color (e.g., red) is 
20 spin-coated onto a glass substrate 102 so as to form a 
film 360 having a thickness of about 1 \xm< shown in 
Figure 35A* Then, the formed film 360 of the first color 
photosensitive material is subjected to a pattern- 
xposure process which uses active light, and developed 
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with an alkaline developing solution. After being washed 
with water, the resultant structure is thermally treated, 
whereby first aolor portions 370 are formed as shown in 
Figure 35B. In the same manner, second color 
portions 380 and third color portions 390 for the color 
filter layer are formed of an acrylic pigment -dispersion 
photosensitive material of a second color (e.g. , blue) 
and an acrylic pigment-dispersion photosensitive 
material of a third color (e.g., green), respectively/ 
as shown in Figure 35C. 

Next , as shown in Figure 35D, resist portions 400 
are formed on the color portions 370, 380, and 390 so that 
the resist portions 400 are provided in regions which 
15 correspond to the transmiselve regions or to the 
transmissive regions and portions of the reflective 
regions in the final product . Then, portions of the qolor 
portions 370, 380, and 390 which are not covered with the 
resist portions 400 are etahed by dry etching as shown 
20 in Figure 35B (Instead of dry etching, other techniques 
such as ashing, etc. , may be used) . Thereafter, the 
resist portions 400 are removed from the structure shown 
in Figure 35B, whereby a color filter substrate 100b 
having a color filter layer 111b is obtained as shown in 
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Figure 35F. This color filter substrate 100b can be 
combined with a lower substrate 101 (Figure 31A) to 
fabricate a transmission/ref lection-type liquid crystal 
display device. 

In addition, a transparent resin layer 410 having 
a flat upper surface may be formed over the entire color 
filter layer 111b or on portions of the color filter 
layer 111b which have been thinned by etching, whereby 
a color filter substrate 100c (Figure 35G) or a color 
filter substrate lOOd (Figure 35H) are respectively 
obtained. In the case where the color filter 
substrate 100 a or the color filter substrate lOOd is 
employed, the thickness of the liquid crystal layer or 
the optical path length in the liquid arystal layer is 
optimized, and the orientation of the liquid crystal layer 
is stabilized, i.e., a uniform liquid crystal layer is 
obtained over the entire liquid crystal display device* 
Furthermore, the orientation of the liquid crystal layer 
is stabilized. In the final product, the transparent 
resin layer 410 forms a transmissive non-color filter 
region (s) , and the first colot portions 370, the second 
color portions 380 , and the third color portions 390 form 
the color filter regions. 
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Furthermore, the shape of the portions of the 
color filter layer 11 ib to be thinned by etching is not 
limited to a particular shape, but may be any shape (e.g. , 
stripes, islands, etc.) as long as the thinned portions 
are within regions which correspond to the reflective 
regions of the lower substrate 101. 

Over the color filter layer 111 (lllb, 111©, 
or llld) of the color filter substrate 100 (100b, 100c, 
or lOOd) which has been fabricated as described above, 
an over-coat layer (not shown) and a transparent 
conductive layer (not shown) are formed. Then, the color 
filter substrate 100 is combined with the lower 
substrate 101 , and a liquid crystal material is injected 
therebetween, whereby a liquid crystal display panel is 
completed (in the liquid crystal display device, an 
orientation treatment may . be performed before the 
substrates are combined) . It should be noted that in the 
lower substrate 101, each pixel may include both a 
transmissive region and a reflective region. Furthermore , 
a light -shielding layer may be provided on the color 
filter substrate 100a if necessary. 
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In example 24 , the color f ilter layer may be 
produced by using the dyeing technique which has been 
described in example 22. A method for producing such a 
color filter will be described with reference to 
5 Figures 36A through 361. 

In the first step, a dyeable photosensitive resin 
(e.g., a water solution in which an ammonium dichromate 
is added to a low molecular weight gelatin so as to provide 

10 photosensitivity) is applied by spin-coating over the 
glass substrate 102 so as to form a film 440 having a 
thickness of about 1 \m t shown in Figure 36 A* Then, the 
dyeable photosensitive resin film 440 is exposed to 
ultraviolet light through an exposure mask having a 

15 predetermined light -shielding pattern so as to form in 
the film 440 a latent image for first color portions (e.g., 
red portions). The dyeable photosensitive resin 
film 440 is water-developed so that unexposed portions 
of the film are dissolved/ whereby a relief pattern 450 

20 for first color portions is formed as shown in.Figure 36B. 
Thereafter, the resultant structure is immersed in a first 
color dye solution to dye the relief pattern 450. Then, 
a dye fixation process and a dye-proofing treatment are 
performed, whereby first color portions 460 are formed 
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as shown in Figure 36C. In the same manner, second color 
(e.g. , blue) portions 470 and third color (e.g. , green) 
portions 480 are formed on the glass substrate 102, 
whereby a structure shown in Figure 36D is obtained. 

5 

Thereafter, the structure shown in Figure 36D is 
subjected to the steps shown in Figures 36E and 36F which 
are the same as the steps shown in Figures 35D and 35E. 
Through these steps, predetermined portions of the color 

10 portions which are within regions corresponding to the 
reflective regions of the lower substrate are thinned, 
whereby a desired color filter substrate 100b is obtained. 
In addition, a transparent resin layer 410 having a flat 
upper surface may be formed over the entire color filter 

15 layer 111b or on portions of the color filter layer 111b 
which have been thinned, whereby a color filter 
substrate 100c (Figure 36H) or a color filter 
substrate lOOd (Figure 361) are respectively obtained. 
It should be noted that in the lower substrate 101, each 

20 pixel may include both a transmissive region and a 
reflective region. 

Now comparing the production methods of the color 
filter layer according to examples 21 and 22 (i.e., the 
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color filter portions are formed after the transmissive 
non-color filter regions have been formed on the glass 
substrate/ see Figures 32A through 32D and Figures 33A 
through 33E, respectively) and the production methods of 
the color filter layer according to example 24 (i.e. / the 
transmissive non-color filter regions are formed after 
the color filter portions are formed on the glass 
substrate, see Figures 35A through 35H and Figures 36A 
through 361), it can be clearly seen from the drawings 
and the descriptions above, that the production methods 
of examples 21 and 22 can produce a flat color filter 
layer with a smaller number of steps than the production 
methods of example 24 because the steps of thinning the 
color filter layer (dry-etahing, ashing/ etc.) are not 
required in the production methods according to 
examples 21 and 22. 

In examples 21-24, the color filter regions in the 
transmissive regions and the color filter regions in the 
ref leotive regions which are of the same color type have 
been made of the same material, but may be made of different 
materials. 
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(Example 25) 

There la e further method for producing a color 
filter substrate 100 according to embodiment 3 of the 
present invention, in which the chromatlclty property and 
5 the tr ansmls slvity of a color filter layer are 
appropriately adjusted for the transmisslve regions and 
the reflective regions of the lower substrate 101. This 
method will be described with reference to Figures 37A 
through 37C* 

10 

In the first step, an acrylic pigment-dispersion 
■ photosensitive material of a first color (e.g. , red for 
a transmisslve region) is spin-aoated onto a glass 
substrate 102 so as to form a film 500 having a thickness 

15 of about 1 (im, shown in Figure 37A. Then, the formed 
film 500 of the first color photosensitive material is 
subjected to a pattern-exposure process which uses active 
light, and developed with an alkaline developing solution. 
After being washed with water, the resultant structure 

20 is thermally treated, whereby first color filter 
regions 510 are formed as shown in Figure 37B. In the 
sajne manner, second color filter regions 520,. third color 
filter regions 530, fourth color filter regions 540, 
fifth color filter regions 550, and sixth color filter 
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regions 560 are respectively formed of acrylic 
pigment-dispersion photosensitive materials of a second 
color (e.g., blue for a tranamia8lve region) , of a third 
color (e.g. , green for a transmissive region) , of a fourth 
5 color (e.g. , red for a reflective region) , of a fifth color 
(e.g. , blue for a reflective region) , and of a sixth color 
(e.g., green for a reflective region) , whereby a color 
filter layer llle (i.e., a color filter substrate lQOe) 
is completed as shown in Figure 37C. Herein, the first 

10 color filter regions 510 and the \ fourth color filter 
regions 540 are of the same color type; the second color 
filter regions 520 and the fifth color filter regions 550 
are of the same color type; and the third color filter 
regions 530 and sixth color filter regions 560 are of the 

15 same color type. However, the pigment concentrations in 
the first, second, and third color filter regions 510, 
520, and 530 are higher than those in the forth/ fifth, 
and sixth color filter regions 540, 550, and 560, 
respectively. 

20 

In the present invention, it is assumed that, in 
the transmissive regions, light that contributes to a 
display passes through the color filter layer once, while 
in the reflective r glons , light that contributes to a 
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display passes through the color filter layer twice. In 
the color filter layer 1 lie, for the same color type, 
different color filter materials (i.e. , different types 
of pigments or materials having different pigment 
5 concentration ) are employed for the color filter regions 
in the transmisslve regions and the color filter regions 
in the reflective regions, so that the difference of the 
chromaticity property of light which contributes to 
display between the reflective regions and the 

10 transmisslve regions is reduced. For example, referring 
to the first color filter regions 510 of red for a 
transmisslve region and the fourth color filter 
regions 540 of red for a reflective region, the pigment 
concentration, of the first color filter regions 510 is 

15 higher than that of the fourth color filter regions 540. 
Thus, in such a structure, although outside light which 
contributes to display in the reflective regions passes 
through the fourth color filter regions 540 twice, the 
utilization efficiency of the outside light does not 

20 decrease because the pigment concentration of the fourth 
color filter regions 540 is lower than that of the first 
color filter regions 510. Therefore, when the color 
filter layer llle is employed, a 

transmission/ref lection- type liquid crystal display 
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device which provides superior brightness and 
chromatioity property over the entire display region can 
be obtained. 

5 Furthermore, there is still another method for 

producing a color filter substrate 100 according to 
embodiment 3 of the present invention, in which the types 
of materials used for the color filter regions and the 
thicknesses of the color filter regions are appropriately 
10 changed. This method will be described with reference 
to Figures 38A through 38E. 

In the first step, an acrylic pigment-dispersion 
photosensitive material of a first color (e.g.. red for 

15 a transmisslve region) is spin-ooated onto a glass 
substrate 102 ao as to form a film 600 having a thickness 
of about 1 (im, shown in Figure 38A. Then, the formed 
film 600 of the first color photosensitive material is 
subjected to a pattern-exposure process which uses active 

20 light , and developed with an alkaline developing solution . 
After being washed with water, the resultant structure 
is thermally treated, whereby first color portions 610 
are formed as shown in Figure 388. In the same manner, 
second color portions 620, third color portions 630, 
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fourth color portions 640, fifth color portions 650, and 
sixth color portions 660 are respectively formed of 
acrylia pigment -dispersion photosensitive materials of 
a second color (e.g., blue for a transmissive region) , 
5 of a third color (e.g. , green for a transmissive region) , 
of a fourth color (e.g., reel for a reflective region), 
of a fifth color (e.g., blue for a reflective region) , 
and of a sixth color (e.g., green for a reflective region) , 
whereby a color filter layer lllf Is fabricated as shown 

10 in Figure 38C. In this step, the fourth color 
portions 640 are formed of the same acrylic pigment - 
dispersion photosensitive material as that employed for 
the first color portions 610. However, the fourth color 
portions 640 (red for a reflective region) are formed so 

15 as to be a thinner film than the first color portions 610 
(red for a transmissive region ) by changing the conditions 
of the spin-coating or the viscosity of the material for 
the fourth color portions 640* Similarly, the fifth 
color portions 650 (blue for a reflective region) and the 

20 sixth color portions 660 (green for a reflective region) 
are thinner than the second color portions 620 (blue for 
a transmissive region) and the third color portions 630 
( green for a transmissive region) , respectively . In such 
a structure, although outside light which contributes to 
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display in the reflective regions passes through the color 
filter, layer 11 If twice, the utilization efficiency of 
the outside light does not decrease because the color 
filter layer 11 If In the reflective regions is thinner 
than in the transmissive regions, and the amount of 
pigment contained in the color filter layer 11 If in the 
reflective regions is lower than that in the transmissive 
regions • Therefore, in a transmission/reflection-- type 
liquid crystal display device which employs the color 
filter layer lllf , a bright and even image can be produced 
over the entire display region. 

Furthermore, if necessary, a transparent resin 
layer 670 may be provided on the color filter layer lllf 
15 to form a color filter layer lllg or a color filter 
layer lllh having a flat upper surf ace, thereby obtaining 
color filter substrates lOOg and looh as shown in 
Figures 38B and 38F, respectively. 

20 In the above descriptions of embodiment 3, the 

color filter layer is provided on a. glass substrate, but 
the present invention is not limited thereto. The color 
filter layer may be formed on. the lower substrate. For 
example, the present invention includes a display 
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device 200 having a structure shown In Figure 39- In the 
display device 200, a color filter substrate 100 includes 
a lower substrate 101 and a color filter layer 111- A 
; liquid crystal layer 105 is provided between the color 
5 filter substrate 100 and a counter substrate 130, the 
color filter layer 111 is formed over the lower 
substrate 101 so as to cover reflective electrodes 103 
and transmisslve electrodes 108, The color filter 
layer 111 includes transmisslve non- color filter 

10 regions 145 provided over portions of the reflective 
electrodes 103. It is apparent to those skilled in the 
art that in the case where this structure is formed so 
that the difference of the chromaticity property between 
light used for display in the transmisslve regions and 

15 light used for display in the reflective regions is as 
small as possible, the effects of the present invention 
can be obtained. 

Furthermore, in the case where a color filter 
20 layer according to embodiment 3 is applied to the 
invention of embodiment 1 or 2, and each of the plurality 
of reflective regions so that each of them has the same 
ratio of an area of a color filter region to an area of 
a transmisslve non-aolor filter region, a uniform, even 
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display can be achieved over a display region of a display 
device. 

According to the present invention, a liquid 
5 crystal display device includes a pair of substrates which 
are laminated to each other with a liquid crystal layer 
interposed therebetween/ wherein pixel electrodes are 
formed on one of the substrates, a color filter including 
. color filter regions are formed on the other substrates, 

10 and a color filter region(s) and a non-color filter 
region, (ft) are provided on each of the regions of the other 
substrate which correspond to the respective pixel 
electrodes. The color filter layer is formed such that 
the area of the non-color filter region(s) in each pixel 

15 region is not changed even when the pixel electrode 
regions and the color filter regions are mis -aligned each 
other. Therefore, variation in optical characteristics 
of the liquid crystal device (e.g., brightness and 
chromaticity property) can be minimized even when the edge 

20 portion of each color filter region is shifted from the 
designed position upon producing the color filter layer, 
as well as even when the substrates are mis-aligned upon 
producing the liquid crystal panel. 
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According to the present invention , non-color 
filter regions are provided in the reflective regions, 
whereby white display can be provided as well as 
brightness of the display can be improved without 
increasing the number of steps in the production process 
as compared to the color filter for use in the 
transmission-type liquid crystal display device. 
Moreover , light transmitted through the color filter 
regions having high chromatlcity property is mixed with 
light transmitted through the non-color filter regions, 
whereby a transmission/reflection- type liquid crystal 
display device capable of providing a bright color display 
required for the reflection display can be realized. 

Moreover, a planarl2ing film having a light- 
transmitting property is formed at least on each of the 
non-color filter regions in order to make the thickness 
of the portion of the liquid crystal layer which 
corresponds to the color filter regions equal to the 
thickness of the portion of the liquid crystal layer which 
corresponds to the non-color filter regions. Thus, 
retardation in both portions of the liquid crystal layer 
is made equal to each other , whereby a uniform display 
can be realized from a dark state to a bright state ♦ 
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Moreover, a color filter layer la formed on a 
region of the other substrate which corresponds to a 
contact hole for connecting the respective pixel 
5 electrode to a respective switching device. Thus, the 
leakage of light within the reflective region due to the 
mismatch of the electro-optldal characteristics which 
results from the difference in retardation is reduced* 

10 By realizing such a transmission/reflection-type 

liquid crystal display device, the problems of the 
conventional liquid crystal display devices can be easily 
solved without increasing the cost of the color filter. 

15 According to the transmission/reflection-type 

liquid crystal display device of the present invention, 
display can be provided by using a backlight , whereby 
bright, a high-contrast display can be provided without 
being significantly affected by the brightness around the 

20 liquid crystal display device • Furthermore, a display 
can also be provided without the backlight , whereby power 
consumption can be significantly reduced. 



Thus, upon providing display, the quantity of 
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light of the backlight can be appropriately adjusted in 
view of the conditions (e.g., brightness of the 
environment) under which the liquid crystal display 
device is used. Therefore, increase in the power 
5 consumption, which is a problem of conventional 
transmission -type liquid crystal display devices, can be 
prevented, as well as variation in display due to the 
brightness of the environment , which is a problem of 
conventional reflection-type liquid crystal display 
10 devices, can be eliminated. ' 

Accordingly, the transmission/reflection- type 
liquid crystal display device of the present invention 
can solve the problems of both the conventional 
15 transmission- type liquid crystal display devices and the 
conventional reflection-type liquid crystal display 
devices. 

In embodiment 3 of the present invention, a glass 
20 substrate is used for a color filter substrate, but the 
present invention is not limited to the glass substrate, 
A substrate made of a material other than glass may be 
used as long as it is transparent. 
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In the present; invention, it Is assumed that in 
the transmissive regions, light which contributes to a 
display passes through the color filter layer once, while 
in the reflective regions, light which contributes to a 
5 display passes through the color filter layer twice- 
Based on this assumption, a color filter layer according 
to embodiment 3 of the present invention adopts a special 
optical design, by which the difference of the 
chromatlclty property between the reflected light from 
10 the reflective regions and the transmitted light from the 
transmissive regions is reduced, in addition to improving 
the utilization efficiency of light in the reflective 
regions v 

15 For example, according to embodiment 3 , the color 

filter layer is formed so that the transmissivity of the 
color filter layer in portions or the entirety of the 
reflective regions for a wavelength in a certain 
wavelength range is larger than that of the color filter 

20 layer, in the transmissive regions for the wavelength in 
the certain wavelength range. 

Specifically, the above effect of the present 
invention is achieved by changing the thickness of the 
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color filter layer in the transmissive regions and the 
reflective regions. 

According to the present invention, it is 
5 preferable that the color filter layer has a flat upper 
surface. Such a color filter layer avoids a structure 
in which the thickness of a liquid crystal layer varies 
within a reflective region of a single pixel (multi-gap 
structure) . In addition, the optical path length of the 
10 liquid crystal layer is appropriately adjusted, or the 
orientation of the liquid crystal layer is stabilized/ 
whereby the deterioration of display quality is 
prevented. 

15 Alternatively, a transparent resin layer may be 

partially provided between a glass substrate and color 
filter layer formed thereon so that the thickness of the 
color filter layer is different between the transmissive 
regions and the reflective regions but the color filter 

20 layer retains a flat upper surface. With the color filter 
layer having such a structure , the above effects of the 
present invention can be achieved. 

Furthermore, it is pr ferable to consider an 
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alignment margin so that a portion of the dolor filter 
layer which should be within a reflective region do not 
protrude to a transmissive region even in the case where 
the color filter substrate is mis-aligned with respect 
5 to the lower substrate when they are combined, or even 
in the case where elements are mis arranged on a single 
substrate/ With such an alignment margin, the variation 
of transmissivity and chromaticity property in the 
transmissive regions is prevented. 

10 

In general, in a liquid crystal display device 
which uses a liquid crystal material having a positive 
dielectric anlsotropy and operates in a display mode where , 
a black display is produced when a particular voltage is 

15 applied, the contrast ratio may deteriorate because light 
is not completely interrupted by the liquid crystal 
molecules during a black display. According to 
embodiment 3 of the present invention, a liquid. crystal 
display device uses a liquid crystal material having a 

20 negative dielectric anlsotropy and operates in a display 
mode where a black display is produced when a voltage is 
not applied or when the applied voltage is smaller than 
a threshold voltage (e.g., vertical orientation display 
mode). Thus, the contrast ratio does not deteriorate 
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; because the light is completely interrupted by the liquid 
crystal molecules during a black display. 

According to the present invention, a color filter 
5 layer includes at least two regions between which the 
number of times that light used for display is transmitted 
through the color filter layer is different. In such a 
structure, the structure of the color filter layer is 
determined based on the number of times that the light 
10 used for display is transmitted through the color filter 
layer in the at least two regions* 

According to the present invention, although the 
number of times that light used for display is transmitted 
15 through the color filter layer is different in various 
regions over a display region, the chromatlcity property 
over the entire display region is optimized by optimizing 
the chromaticity property of a display state for each of 
the various regions . 

20 

According to the present invention, in a 
transmission/reflection- type display device, a color 
filter layer includes at least two regions between which 
the number of times that light used for display is 
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transmitted through the color filter layer is different. 
In such a transmission/reflection- type display device, 
the structure of the color filter layer is determined 
based on the number of times that the light used for display 
5 is transmitted through the color filter layer in each of 
the at least two regions. 

According to the present invention, the 
chromatlcity property of display in a reflective region 

10 and the chromaticity property of display in a transmissive 
region are optimized so that the optimized chromaticity 
property of display is obtained over an entire display 
region- Therefore, a display device is provided in which 
the satisfactory chromaticity property can maintained 

15 even in the case where environmental lightning conditions 
abruptly changed. 

Furthermore, a display device according to the 
present invention is applicable to a 
20 transmission/reflection-type liquid crystal display 
device. 

A transmission/reflection-type liquid crystal 
display device according to the present Invention 
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includes a second substrate. With such a structure, a 
reliable liquid arystal display device in which an 
operation of a liquid arystal layer is securely performed 
can be achieved. 

In a display device according to the present 
invention, a reflective region and a transmissive region 
each have a color filter region so that light is never 
used for display without passing through the color filter 
region; In such a structure, deterioration in a 
ohromaticity property of transmitted light and reflected 
light is prevented. 

According to the present invention , a 
transmissive non-color filter region may be provided in 
a reflective region, whereby the thickness of a color 
filter layer is adjusted. As a result, optical path 
lengths of a transmissive region and a reflective region 
(i.e., the phase difference between the reflective and 
transmissive regions) can be adjusted. Alternatively, 
in the case where the thickness of the color filter region 
in the reflective region is different from the thickness 
of the color filter region in the transmissive region, 
a transmissive non-color filter region may be provided 
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in the reflective region so that the difference in 
thickness is compensated for and the color filter layer 
has a flat upper surface. 

5 According to the present Invention, a 

transmissive non-color f ilter region may be provided over 
or under a aolor filter region in a color filter layer. 
In such a- structure, light transmitted through the 
transmissive non-color filter region is also transmitted 

10 through the color filter region. Therefore, a 
tranemittance characteristic with respect to a certain 
wavelength of light (spectral characteristic) is improved, 
thereby obtaining a sharp spectrum. As a result, a 
chromaticity property for display is improved. 

15 Furthermore, even in the case where the reflective region 
of the color filter layer is mis-aligned with respect to 
a reflective region of the lower substrate, light is not 
used for display without being transmitted through a color 
filter region. In general, for example in a color filter 

20 used in a liquid crystal display device, a backlight which 
produces light for a transmissive region produces light 
having a large optical power. Thus, if light from the 
backlight is used for display without being transmitted 
through the color filter layer, the resultant speqtrum 
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of spectral characteristic is a broad spectrum. 
According to the present invention, light is never used 
for display without being transmitted through the color 
filter region. , 

According to the present invention, a 
transmissive non-color filter region may be provided 
between a oolor filter layer and a substrate. In such 
a structure, the thickness of the color filter region can 
be adjusted with a smaller number of steps. Therefore/ 
a chromaticity property can be easily adjusted between 
transmissive regions and reflective regions. 

According to the present Invention, a: 
15 chromaticity property can be easily adjusted between a 
transmissive region and a reflective region by changing 
the thickness of the color filter region. 

According to the present invention, the same 
20 material may be used for both a color filter region in 
a reflective region and a color filter region in a 
transmissive region so as to have the same color type. 
Therefore, a chromaticity property can be easily adjusted 
between transmissive regions and reflective regions. 
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According to the present invention, in the case 
where a color filter layer is formed so that the thickness 
thereof is thinner in the reflective regions than in the 
5 transmissive regions, the same material can be used in 
both the reflective regions and the transmissive regions. 
In such a case, troublesome steps of selecting the type 
of a pigment used for the color filter regions which are 
of the same color type and of adjusting the concentration 
10 of a pigment are not necessary. Thus, a superior 
chromaticity property can be obtained by simple steps of 
adjusting the thickness of a color filter layer. 

According to the present invention, each of a 
15 plurality of reflective regions may have the same ratio 
of an area ratio of a color filter region to a transmissive 
non-oolor filter region . With such a structure , a uniform, 
even display can be achieved over the entire display 
device . 

20 

According to the present invention, a 
transmissivity of at least a portion of a reflective 
region for a certain wavelength may be less than a 
transmissivity for the certain wavelength of a 
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transmissive region which produces the same color type 
which is produced in the first region. With such a 
structure, the difference in a chromatiaity property 
between the reflective and transmissive regions can be 
5 reduced. 

Various other modifications will be apparent to 

and can be readily made by those skilled in the art without 

departing from the scope and spirit of this invention. 

10 Accordingly, it is not intended that the scope of the 
j ■ . . ' 

claims appended hereto be limited to the description as 

set forth herein, but rather that the claims be broadly 

construed. 



